Draft version January 12, 2013 

Preprint typeset using I^'T^]X style emulatcapj v. 11/10/09 



O 
(N 



6 



PERIODIC VARIABILITY OF LOW-MASS STARS IN SDSS STRIPE 82 
A.C. Becker^ J.J. Bochanski^, S.L. Hawley\ Z Ivezic\ A.F Kowalski\ B. Sesar^, A. A. West'\ 

Draft version January 12, 2013 

ABSTRACT 

We present a catalog of periodic stellar variability in the "Stripe 82" region of the Sloan Digital 
Sky Survey (SDSS). After aggregating and re-calibrating catalog-level data from the survey, we ran a 
period-finding algorithm (Supersmoother) on all point-source lightcurves. We used color selection to 
identify systems that are likely to contain low-mass stars, in particular M dwarfs and white dwarfs. 
In total, we found 207 candidates, the vast majority of which appear to be in eclipsing binary systems. 
The catalog described in this paper includes 42 candidate M dwarf / white dwarf pairs, 4 white-dwarf 
pairs, 59 systems whose colors indicate they are composed of 2 M dwarfs and whose lightcurve shapes 
suggest they are in detached eclipsing binaries, and 28 M dwarf systems whose lightcurve shapes 
suggest they are in contact binaries. We find no detached systems with periods longer than 3 days, 
thus the majority of our sources are likely to have experienced orbital spin-up and enhanced magnetic 
activity. Indeed, twenty-six of twenty-seven M dwarf systems that we have spectra for show signs of 
chromospheric magnetic activity, far higher than the 24% seen in field stars of the same spectral type. 
We also find binaries composed of stars that bracket the expected boundary between partially and 
fully convective interiors, which will allow the measurement of the stellar mass-radius relationship 
across this transition. The majority of our contact systems have short orbital periods, with small 
variance (0.02 days) in the sample near the observed cutoff of 0.22 days. The accumulation of these 
stars at short orbital period suggests that the process of angular momentum loss, leading to period 
evolution, becomes less efficient at short periods. These short-period systems are in a novel regime 
for studying the effects of orbital spin-up and enhanced magnetic activity, which are thought to be 
the source of discrepancies between mass-radius predictions and measurements of these properties in 
eclipsing binaries. 

Subject headings: binaries: eclipsing — stars: low-mass, brown dwarfs 
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1. INTRODUCTION 

Over the last decade, advances in information technol- 
ogy have enabled larger and more ambitious astronomical 
surveys, which have provided more survey area, photo- 
metric depth, and wavelength coverage than in the cu- 
mulative history of astronomy. The largest surveys have 
imaged the entire observable sky, generally in multiple 
passbands but only for a single epoch. Other surveys 
imaged smaller portions of the sky repeatedly in order 
to resolve temporal variability in the Universe. Future 
surveys promise to merge both of these capabilities into 
broad synoptic surveys that will image the entirety of 
the available sky multiple times. The large etendue {AVl) 
and fast temporal resolution (10-15s) of next generation 
surveys will provide novel insights into the temporal be- 
havior of the Universe, as well as more accurate colors 
for non-variable objects through repeat observations. 

One forerunner to these next-gen eration surveys is the 
Sloan Digital Sky Survey (SDSS; I York et al.l[2000l) . a 
photometric and spectr oscopic survey whose most re- 
cent data release (DR7; lAbaz aiian et al.l 120091 ) includes 
single-epoch imaging of approximately 10"* square de- 
grees. The flux densities of detected objects are mea- 
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sured almost simult aneously in five bands (u, g, r, i, 
and z: iFukugita et al. 19961 with effective wavelengths of 
3551 A, 4686 A, 6166 A, 7480 A, and 8932 A, 95% com- 
plete for point sources to limiting magnitudes of 22.0, 
22.2, 22.2, 21.3, and 20.5 per exposure. The associated 
photometric catalogs contain brightness, color, shape, 
and positional information for more than 3 x 10^ unique 
objects. These extensive data have enabled exciting 
investigations into the intrinsic properties of low -mass 
stars . The average colo rs (Hawlcv ct al. 2002; West et al.l 
120051 : iBochanski et al." 2007b; West et al.ll2008l) . abso- 
lute mag nitudes (Bochan ski 2 008), spectral features 
(jHawlev et all 120021: [Bochanski e t al. 2007B andjumi- 
nosity and mass functions ( Bochanski et al.l 120101 ) of 



these ubiquitous stars have all been extensively exam- 
ined with SDSS data. Other studies have used these stars 
as tracers of loc al Galactic structure (Juric et al. 20Q£ 



Bochanski et al. 2010) a nd kinematic s (Bochansk i et al. | 
2007a; West et al.. ,2008; llvezic et al.i 2008: Fuchs et al.l 
2009riSchmidt et al.ll201 0: Bond et al.lHoOg) . Studies on 



the temporal behavior of M dwarfs h ave included exami- 
nations of chromospheric variab i lity (iKruse et al.l[2 010'). 
flare rates (Kowalski et al. 2009; Hilton et al."20ld) and 
periodicity (Bhatti et al. 2010; Blake et al. 2008). 

Eclipsing M dwarf systems are particularly valuable 
because they provide the opportunity to measure the 
masses and radii of the stars through spectroscopic 
radial-velocity followup. Current M dwarf stellar evolu- 
tion models do not match physical properties measured 
from known eclipsing systems, with the models system- 
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atically underp redicting the radius of these s tars at a 
given mass (e.g. lBaraffe eFaI1[T99aiRibasl[2006l) . Several 
explanations have been proposed to explain this discrep- 
ancy, typically relying on enhanced magnetic activity due 
to coupling of the stellar rotation with the system orbital 
period. Elevated activity may also arise due to the lack 
of disk locking early in the angular momentum evolution 
of close pairs, which allows the individual stars to ro- 
tate much faster (and generate st ronger magnetic fields) 
than individual low-mass dwarfs (jArtvmowicz &: Lubowl 
[1994). Elevated magnetic activity should lead to in- 
creased coverage by star spots in the stellar photosphere; 
polar spot systems covering 35% of the star with a mod- 
erate contrast ratio have been shown to both be plausible 
and to cause systematic overestim ates of the true stella r 
radius in eclipsing binary studies (jMorales et al.l[2"01Cll ). 
The enhanced magnetic field may also suppress convec- 
tive turbulence (and thus heat transfer) to the surface of 
the star, requiring t he stellar radius to increase to main- 
tain its luminosity (jLopez-MoralesI [20071 : iChabrier et alj 
120071 ). If caused by orbital coupling, these effects should 
become less pronounced for stars with long orbital pe- 
riods and thus large semi-major axes (unless they are 
already rapidly rotating due to their youth). There- 
fore, eclipsing systems with a range of orbital periods are 
needed to quantify these effects. To date, most known 
eclipsing M dwarf systems have been discovered with 
short orbital periods, < 10 days, where spin-up due t o 
orbital coupling is expected to be strong (Mazeh '2010). 
An additional transition in the mass-radius relationship 
might be expected at the boundary between partially 
and fully convectiv e stars (|Mullan fc MacDonaldl 120011 : 
IBaraffe et aLlHOOSl) . requiring the discovery of faint stars 
across this transition (expected near spectral types M3- 
M4) to characterize it empirically. With these goals in 
mind we have undertaken a data mining study on a pho- 
tometric database of SDSS Stripe 82 to identify low-mass 
eclipsing binary systems. 

2. THE STRIPE 82 DATABASE 

While the majority of SDSS imaging resulted in a sin- 
gle epoch of data, imaging of SDSS Stripe 82 was un- 
dertaken during commissioning (starting in 1998) and 
repeated intermittently throughout the survey. Stripe 
82 covers 300 dcg^ of the SDSS footprint, with -60° < 
a < -f60° (20 h to 4 h in right ascension, RA) and 
-1.267° < d < +1.267° in declination (Dec). Stripe 82 
was imaged every clear night for 3 months of the year as 
art of the SDSS-II Supernova Survey from 2005-2007 
Frieman et al.l [20081) . In contrast to the main survey, 
supernova observations were taken in non-photometric 
cond itions, maki ng rccalibration of these data a neces- 
sity (jlvezic et al.ll2007t ). The primary science driver was 
the discovery and characterization of Type la super- 
novae to study the equation of state of the dark energy 



revealed by precursor supe rnova surveys (iRiess et al 
ll998l:|Perlmutter et al.lll999D . As described in lSako et al' 



([2008'), great care was taken to reject non supernova- 
like phenomena during the real-time portion of the sur- 
vey. While this led to a very high (90%) photometric 
la typing and targeting efficiency, it also meant that the 
majority of the transient phenomena have not yet been 
studied in detail. Targeted studies of these foreground 
events have shown that the Stripe 82 data are rich with 



new and interesting phenomenology. Particular cases in- 
clude discovertes_ofa new AM Canum Venaticorum sys- 
tem ([Anderson et al.ll2008D. newult racool and halo white 
dwarf svstems ([Vidrih et 311120071), and a new class of 
inner Oort Cloud objects ([Kaib et al.ll2009f ). Studies of 
subsets of t he Stripe 8 2 data haye been underta ken by 
fSesar et al.l([200 7). Bra mich et ap (I2008D. I Watkins et all 
(|2009[ ). lBhattret al.. (.20101) . and lSesar et al.. (,2010j). 

We have followed the prescription of llvezic et al.l ( 2007f ) 
in recalibrating the publicly available Stripe 82 dataset. 
The resulting MySQL database currently holds observa- 
tions from 600,727 9' x 13' fields acquired during 251 
observing runs. The earliest run was taken as part of 
commissioning science on 1998/09/19, while the latest 
run was acquired as part of the Supernova Survey on 
2007/10/19. The database includes 204,527,387 single- 
epoch 5-band source measurements, with correspond- 
ing PSF magnitudes, celestial coordinates, and effective 
times of observation. These individual observatio ns are 
clustered using the OPTICS ([Ankerst et al.l |1999[) algo- 
rithm into [7,913,421; 4,793,517; 1,418,977] objects with 
temporal lightcurves containing at least [3; 10; 50] obser- 
vations. Higher order statistics are also available for each 
lightcurve (mean, median, standard deviation, skew, kur- 
tosis, per degree of freedom). 

The measured zeropoints of Stripe 82 images have 
an RMS of 0.009,0.004,0.003,0.003,0.004 magnitudes 
in the u,g,r,i,z bands, respectively, about the SDSS 
standard photometric system. This reflects the qual- 
ity of the absolute calibration of the data. The pho- 
tometric scatter about the median for bright stars (be- 
tween 15*'' and 17*'' magnitude in a given passband), 
which reflects the systematics inherent in the photome- 
try, is 0.025,0.024,0.014,0.016,0.020 magnitudes for the 
u,g,r,i,z bands, respectively. This relative calibration 
is slightly worse than that derived f rom the subset of the 
data analyzed in lSesar et al.l ([20071 ). However, the larger 
number of photometri c measurement use d here (205 mil- 
lion vs. 34 million for ' Sesar et al.l ([20071 )) were acquired 
over a larger range of observing conditions, many of them 
during the SDSS-II Supernova Survey. The ability to 
maintain ^ 2% relative calibration with such a large en- 
semble of data enables new avenues of precision astron- 
omy. 

2.1. Period Estimation 

We searched for periodicity in all Stripe 82 lightcurves 
having more than 10 epochs using the 1024-node 
"Athena" computing cluster at the University of Wash- 
ington. We used the variable-span Supersmoothei[3 al- 
gorit hm of iRiemannl ((1994) for period estimation (see 
also Oh et al. I I2004D . For a given period estimate, 
Supersmoother implements running linear smooths of 
the data at multiple span lengths, using a localized cross- 
validation to determine the optimal span. Period esti- 
mates are then ranked by the sum of absolute residuals 
about each optimally smoothed model, with the "best" 
period yielding the smallest residuals. Supersmoother 
is able to uncover a variety of lightcurve shapes because 
it makes no explicit assumptions about the underlying 
shape of the curve, except that when folded it be smooth 

Available upon request 
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and continuous. Since the algorithm does not return an 
explicit uncertainty (or false alarm probability) on the 
period, we used the fact that we have multiple constraints 
on the true period from the g, r, and j-band lightcurves 
(which typically have the smallest photometric errors). 
We addressed each passband's data separately, applying 
Supersmoother to the entire calibrated lightcurve. The 
derived periods in the g, r, and i data are referred to as 
Pg, Pr, and Pi. We only considered the best period, as 
determined by the sum-of-absolute-residuals, for each 
of the three passbands. 

We used concordance between the periods returned in 
each of the 3 passbands to make an assessment as to 
the true period (if any) in the data. We required one of 
the following three matching criteria be met before we 
considered the object a periodic candidate: 

• The standard deviation of Pg, Pr, and Pi is less 
than 10~^ times their average value; 

• A similar test as the one above but applied to each 
period modulo the minimum of the three periods 
(to account for period aliasing); 



• The standard deviation of two of the three values 
of Pg, Pr, and Pi is less than 10"'' times their 
average value. This allowed us to diagnose cases 
where Supersmoother returned an aberrant period 
for one of the lightcurves, or when the "correct" pe- 
riod was reported as the second or third best for 
one of the lightcurves. 

As an additional step, we rejected those lightcurves 
where the matched period was longer than 365 days, or 
was within 0.01 days of the single-day sampling alias. 
These criteria resulted in a manageable number of peri- 
odic candidates (10'^) that could be investigated through 
visual inspection. 

2.2. Color Selection of our Catalog 

We have chosen to focus here on the extraction of peri- 
odic variability for low-mass stellar systems. The photo- 
metric calibration of our database allows us to accurately 
select low-mass systems based upon their mean colorfQ. 
We outline the two sets of color selection criteria below. 

2.2.1. M dwarfs 

We selected likely M dwarf systems using a mean- 
color selection_critoia^_ofr — i > 0.5 and i — z > 
0.3 (jBochanski et al.l l2007a| ). This initial cut returned 
3,301,051 objects. Using the period concordance tests 
described in Section 12.11 we selected 1,387 candi- 
date periodic systems. Finally, a visual inspection of 
these lightcurves fSection l2.3|) resulted in 203 candidate 
M dwarf systems. In addition, we further identified 42 of 
these systems as likely M dwarf / white-dwar f pairs using 
the co lor-selection criteria (u — g < 1.8 ) of I West et al.l 
(I2OOI . 

^ For completeness we note that we do not apply an extinction 
correction before the color selection defined below. Therefore some 
do— reddened colors listed in Table [ l] are slightly outs ide th e color 
selection criteria defined in Section 12.2.11 and Section l2.2.2l 



2.2.2. White Dwarfs 

We made a separate, independent set of cuts to identify 
systems with whi te dwarf compone nts : u — g < 0.7 
and g — r < 0.5 (jlvezic et al.l 120071 ) . Obje cts passing 
both these cuts and the cuts of Sect ionl2.2.1lare likelv t o 
be M dwarf /white-dwarf pairs fe.g. lSmolcic'etaIl[200l . 
We found 421,682 objects that passed this basic color 
test, 172 that passed our period selection criteria, and 
only seven that passed visual inspection. Four of these 
are unique from the M dwarf sample. 

2.3. Visual Inspection 

For each system that passed our period criteria, we 
folded the lightcurve at that period and visually in- 
spected the phased data. This helped to reject spurious 
systems, as well as to classify the nature of the variabil- 
ity. We used the continuity of the folded lightcurves, 
with respect to the photometric error bars, to ascertain 
if the system is periodic. 

During this process we noted that some returned pe- 
riods were obvious aliases of the true period; for ex- 
ample an eclipsing system with two different depth 
minima folded at half its period will have a bimodal 
lightcurve in eclipse. We therefore report here the pe- 
riods that resulted in two maxima and minima in the 
folded lightcurves. We thus expect that our periods rep- 
resent the maximum system period. 

3. CATALOG OF PERIODIC VARIABLES 

Table [T] provides a summary of the 207 systems found 
in this proces^. Each object is identified using a unique 
designation derived from its mean right ascension and 
declination (J2000). We also derive the error-weighted 
mean r-band magnitude and the mean colors of the sys- 
tem using all measurements. We have de- reddened each 
observation using the extinction maps of iSchlegel et all 
(1998), since the major ity of systems a re pre sumed to lie 
beyond the dust layer ([Marshall et alll2006[ ). 

We offer a qualitative assessment of each phased 
lightcurve in Table [TJ Lightcurves with grade A (21 out 
of 207) are the best candidates, with complete and even 
phase coverage, and a smooth folded lightcurve shape. 
Lightcurves with grade B (115 / 207) are typical can- 
didates, with some gaps in the phase coverage leading 
to some uncertainty in the overall lightcurve shape, but 
with enough coverage that the periods are likely correct. 
Lightcurves with grade C (71 / 207) are lower S/N can- 
didates, with noisy lightcurves and larger-than-average 
gaps in phase coverage. These will require additional 
photometric follow-up for period confirmation; however 
they are included here due to the suggestive shape of the 
phased lightcurves. 



3.1. Comparison with \Bhatti et al\ I! 20 Id) 

Recentlv lBhatti et al.l ()2010[) published a catalog of the 
hour < RA < 4 hour portion of Stripe 82, with par- 
ticular attention paid to periodic variability. They find 
32 eclipsi ng or ellipsoidal b inaries in this region of sky 
(Table 2: lBhatti et alll2010t ). only 11 of which pass our 

^ Dat a are available at 

|http://"www. a stro. was hington.edu/users/becker/dataRelease/stripe82Periodic/ 1 
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Figure 1. i — band lightcu rves for the f our o bjects where our 
periods do not agree with the lBhatti et al] II2010I ) periods. In each 
panel, the top lightcurve shows the data folded at the periods 
derived in th is analysis. The b ottom lightcurve shows the data 
folded at the [Bhatti et al.l (2010") periods, with an 0,5 magnitude 
offset added for clarity. We show the folded lightcurves for two 
oscillations. For all four objects, both sets of folded lightcurves are 
generally coherent; however the periods derived in this analysis 
appear to result in lightcurves showing fewer outliers. This is 
verified by undertaking a Fourier analysis of the folded lightcurves; 
in all cases the for lightcurves folded at the periods derived 
here are smaller, suggesting our periods are the correct ones. 



Figure 2. g, r, and i-band lig htcurves for four obj ects found 
in our analysis but not in the Ifjhatti et ai,l 120101 ) analysis. 
Each panel shows the three passbands of data folded at each 
object's period, listed in Table [T] Top-to-bottom the lightcurves 
appear in the order i, r, g, except for the blue system SDSS 
J025403, 75+005854. 2 in which the order of the lightcurves appears 
reversed. For SDSS J030304,48+004809.4 the secondary minimum 
near phase 0,5 is barely detectable, but is most apparent in the 
i and z-band (not shown) data. We show two oscillations of 
each lightcurve. The top 2 lightcurves were manually graded as 
A-quality lightcurves, SDSS J032325. 85+010634,9 as B-quality, 
and SDSS J030304,48+004809.4 as C-quality {Section[3ll. 



color-selection criteria. The remaining 21 are not in- 
cluded in our analysis due t o their avera g e colo rs. How- 
ever, to compare with the iBhatti et all (|201Clf ) results, 
we manually performed our Supersmoother analysis on 
these 21 objects. Table [3] compares our period estimates 
for both classes of objects - those that pass our color 
cuts, and those that do not. We list our derived periods 
along with ratios of the periods found in the two studies 
(recall that periods here have been aliased to result in 
lightcurves with two maxima/ minima, and are expected 
to represent the maximum likely period for the system). 

For four of the objects listed in Table |3l our anal- 
ysis found a period that was no t an e xact match to, 
or an alias of, the IBhatti et all (|2010( ) period. Fig- 
ure [T] shows the folded r-band lightcurves of these 
four objects : SDSS J003042, 11+003420.2, SDSS 
J035300.50+004836.0, SDSS J000845, 39+002744,2, and 
SDSS J023621,96+011359.1. For each panel, the 
lightcurve resulting from the periods derived in this anal- 
ysis is shown on the to p, and the lightcurve folded at 
the IBhatti et al.l ()2010D period is shown below with a 
-1-0.5 magnitude offset added for clarity. Both datasets 
appear to show the overall coherence expected of a pe- 
riodic lightcurve folded at its correct period. However, 
the top set of lightcurves (resulting from our periods) 
show fewer outliers. We quantify this by undertaking 
a Fourier decomposition of the lightcurves using Equa- 
tion [T] (defined in Section 14, 2p and comparing the 
between the model fits to the datasets folded at the 
two periods. This comparison yields xlhatti " xLckor = 
[7; 119; 355; 217] for r-band Fourier decompositions 
of SDSS [J003042, 11+003420.2; J035300, 50+004836,0; 
J000845.39+002744,2; J023621,96+011359.1], respec- 
tively. This verifies that our periods are ones best sup- 
ported by our data. 

For five of the objects, our analysis failed to find 



consistent periods in the q, r, and z- band data. For 
three of these, the IBhatti et al.l (|2010[ ) period is found 
as the second-best period . For the other two, we do 
not find the Bhatti et al.l ()2010f ) period in the top 3 
periods, for any passband . This includes the eclipsing 
binary from iBecker et all (j2008f ). which was originally 
disc overed in data from t he Two Micron All Sky Sur- 
vey fSkrutskie et al. J|2006D a nd al so found in the Stripe 
82 catalog of Bha tti et al.l ()2010[ ). Our corresponding 
lightcurve only shows one data point per eclipse mini- 
mum, and thus we were unabl e to derive an orbit al pe- 
riod. This is evidence that the IBhatti et al,l (|2010l ) data 
and ours differ both in calibration and in content. 

Finally, we examine those objects not contained in the 
IBhatti et al.l (|2010[ ) sample. With our color cuts, we find 
60 periodically variable objects between h < RA < 4 h. 
Of these, only eight are found bv lBhatti et"all H2O1O0 . We 
have checked that the 52 mis sed candidates do n ot cor- 
respond to stars identified by IBhatti et al.l ()2010[) as RR 
Lyrae or S Scuti, and have verified from our lightcurves 
that the objects appear truly periodic. We display the 
folded g, r, and i-band d a ta for four of these objects 
in Figure [1 IBhatti et ahl (|2010D estimate 55% effi- 
ciency at recovering known input periods. Since we find 
a factor of 7-8 times more periodic variables in the same 
sample that they analyzed, its likely that the discrepancy 
arises due to differences in internal photometric calibra- 
tion procedures, along with differences in our respective 
period-finding algorithms. We estimate our own period 
recovery efficiencies below, 

3,2, Efficiency of Period Recovery 

To assess the uncertainties on Supersmoother's best-fit 
periods given the particular properties of Stripe 82 data, 
including sampling rate and photometric error bars, we 
undertook a Monte Carlo simulation to determine our pe- 



5 



19.0 < r < 19.5 : P within 10''' days 19.0 < r < 19.5 : P witiiin 10~° days 




10^ 10^ 10^ 10^ 

Log A (mag} Log A (mag} 



Figure 3. Contours showing tlie efficiency of period recovery as a function of lightcurve period P and amplitude A, for sinusoidal variables 
in the brightness range 19.0 < r < 19.5. The left panel shows the recovery fraction under the matching criterion \Pfit — Pinput] < 10~^. 
The right panel shows these results when the matching criteria are tightened to \Pfit — Pinput\ < 10~^. The recovery is effectively the 
same except for at longer periods, where the objects have gone through fewer oscillations during the Stripe 82 observing window. The 
solid contours show the 5%, 50%, and 95% recovery efficiency when only the best-fit period is considered. The dashed contours reflect 
a loosening of the matching criteria to also define as matches cases where Pfu is a 2-times alias of Pinput- This is most important for 
moderate amplitude lightcurves, and at the shorter periods. 




Figure 4. Contours showing the efficiency of 5% (left) and 95% (right) period recovery as a function of period, amplitude, and source 
brightness, using the matching criterion of \Pfit — Pinput] < 10~^. If we include fitted periods that are double the true period, which an 
observer is likely to recognize as an alias upon lightcurve folding, we are able to extend 5% recovery ~ 0.02 mag smaller in amplitude, and 
95% recovery ~ 0.05 — 0.1 mag smaller in amplitude, at a given source brightness. 



riod recovery efficiency. We first defined brightness bins 
between r = 18 and r = 22 in steps of 0.5 magnitudes, to 
assess the impact of source brightness and photometric 
error on period recovery. Within each magnitude bin, 
we randomly selected 100 stars from the database whose 
intrinsic lightcurves have a reduced < 1: where this 
random selection allows us to define an average lightcurve 
sampling across the Stripe 82 region. 

We next defined a range of shapes, periods, and ampli- 
tudes to study. Given the breadth of lightcurve shapes 
allowed in eclipsing systems, we decided to limit our anal- 
ysis to sinusoidal lightcurves for its computational sim- 
plicity, meaning our analysis is likely optimistic for the 
detached sample, especially those lightcurves spending 
small fractions of their duty cycle in eclipse. We investi- 
gated sinusoidal lightcurves having a range of periods P 
between -2.15 < log(F) < 0.445 (0.007 to 2.786) days in 



steps of Alog(F) =0.1. We also investigated a range of 
amplitudes A for the lightcurves with —2 < log(^) < 0.2 
(0.01 to 0.63) magnitudes, in steps of Alog(A) = 0.2. 
For each object, we modified the r-band lightcurve with 
the variability imprint defined by each combination of 
period and amplitude, defined as A r = A sin(27r0 + ip). 
Here (j) is derived from the epoch of observation T as 
(f) = T/ P — T/ / P, where the / / operation generates the 
integer portion of T/P. The variable ip was generated 
randomly and represents a shifting of the zero point of 
the lightcurve. 

We ran each modified lightcurve through 
Supersmoother and compared the recovered period 
with the known input period. We show the results 
for the bright end of this sample (19 < r < 19.5) in 
Figure El For each combination of P and A, this figure 
shows the fraction of the 100 input stars whose period 
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was recovered to within 10~^ days {left panel) and 10~^ 
days {right panel). The solid contours at 5%, 50%, and 
95% recovery are for comparing the best-fit period to 
the true period, while the dashed contours includes the 
additional fraction of fitted periods that were 2-times 
aliases of the true period. In the latter case, an observer 
is likely to recognize upon period folding that the fitted 
period is an alias, and classify the lightcurve as periodic. 
The surface shows nearly 100% period recovery at high 
amplitude {A > 0.2 mag) below 0.5 days. At periods 
longer than 0.2 days this efhciency falls rapidly when 
the matching criteria are tightened from 10~^ days 
to 10~^ days. This is understandable as at longer 
periods the objects go through fewer oscillations during 
a given temporal window. By including aliased-by-2 
periods, we can extend this recovery down to A > 0.09 
magnitudes. We are not likely to recover any periodic 
lightcurves with amplitudes smaller than 0.02 mag at all 
periods. 

We examine how this matching degrades as the source 
brightness is decreased in Figure ID In the left panel we 
plot the 5% recovery contours for 5 of the magnitude 
bins, and in the right panel the 95% recovery contours, 
for exact period matches. On average, if we also consider 
aliased-by-two periods we can extend the 5% recovery 
level 0.02 magnitudes smaller in lightcurve amplitude, 
and the 95% recovery level 0.05 — 0.1 magnitudes smaller 
in amplitude, at a given source brightness. The over- 
all efficiency profiles suggest that the dearth of objects 
in our catalog with periods longer than ~ 1 day may 
plausibly be explained by our low period recovery effi- 
ciency at these long periods, at all source brightnesses. 
Similarly the lack of systems fainter than r — 20.5 may 
be explained by a precipitous drop in efficiency at all 
but the largest amplitudes. Our high efficiency at bright 
magnitudes cannot alone explain o ur larger yiel d from 
the Stripe 82 data compared to the iBhatti et al.l (|2010( ) 
analysis. 

4. CLASSIFICATION 

In Table [2] we provide rough classifications of all sys- 
tems, in order to help enable photometric or spectro- 
scopic follow-up observations. 

4.1. Spectral Type 

We found SDSS DR7 (jAbazaiian et al.ll2009l ) spectra 
for 29 of our objects, including 27 whose spectra indi- 
cate they contain at least one M dwarf member. All 
but one of the M dwarf systems (26 of the 27; 96%) 
show signs of chromospheric magnetic activity (as traced 
by Ha emission). This is considerably high er than the 
magnetic activity rate scon in the field f24%. Wes t et al.l 
[2004) for a similar distribution of spectral types. This 
high rate of magnetic activity confirms previous results 
from close binaries, as com pared to their field counter- 
parts (iS ilvestri et al1l2006[) . 

We next used the mean system colors, as well as 
the spectra when available, to estimate spectral types. 
The results are given in Table [51 The Color Class is 
an estimate of the spectral type of the system using 
br oad-band colors and t he color-spectral type relations 
of iKowalski et al.l (|2009f ). Systems with u - g < 1.8 
are labeled with a "-I-WD", indicating a white dwarf 



companion (jWest et al.ll2004 ). The objects with spec- 
tra were typed usi ng the Hammer software described in 
iCovev et al.1 (|2007[ ). resuhing in our Spectral Class esti- 
mation. The Color and Spectral classes typically agree 
to within 1 subtype. 

4.2. Binary Type 

We evaluate the lightcurves under the assumption that 
each is an eclipsing binary system with two minima in its 
lightcurve. The standard classification scheme for eclips- 
ing binary systems uses the following categories: 

• EW : W UMa-type (classical contact) binaries 
where both stars a re surround ed by a common con- 
vective envelope ([Lucvl [l968D . Primary and sec- 
ondary eclipse depths are typically similar in depth 
due to the constant effective temperature of the en- 
velope. 

• EE : EW-type binaries with different eclipse 
depths. The archetype is /3 Lyrae. However this 
particular lightcurve shape may result from a va- 
riety of physical configurations, including semi- 
detached binarie s or the rmal relaxation oscillations 
in EW systems (jFlanne rv 1976). 

• EA : Detached binary stars, where both objects are 
contained completely within their respective Roche 
lobes. 

iPoimanskl (|2002[ ) has defined an empirical means of 
separating these systems into analogous classes describ- 
ing the geometry of the system, through the use of 
a Fourier decomposition of the folded lightcurve. His 
classes are EC (contact, analogous to EW systems), ESD 
(semi-detached, analogous to EB), and ED (detached, 
analogous to EA). We performed a decomposition of the 
g, r, and i-band lightcurves of the form 

4 

m((/i) =Ao — AiCos{2'Ki(j) + ip) + BiSm{2'Ki(j) + (pfl) 
1=1 

Here Aq represents the mean brightness of the system, 
(j) corresponds to the phase, and if is a nuisance param- 
eter defined such that the mo del has min i mum bright- 
ness at ip — 0. We use the iPoimanskil ()2002l ) poly- 
gons defining the EC, ESD, and ED regions in the two- 
dimensional space of Fourier coeffi cients A2 and A4 , as 
displayed in Figure [H Additionallv. lRucinskil (fl9971 ) pro- 
vides a discriminant between contact and detached sys- 
tems through the relationship A4 = A2 * (0.125 — A2), 
shown as the dashed line in Figure[5l Objects lying above 
this line are more likely to be in contact, while objects ly- 
ing below this are more likely to be detached. We use this 
boundary to provide asterisked classifications for contact 
{EC*) and detached { ED*) systems lay ing outside the 
pol ygon bo undaries of IPo imanskil ()2002t ). We note that 
the iPojnia nski (200^) regions overlap, and thus our ob- 
jects may receive more than one classification per pass- 
band. Classifications per passband for all objects are 
given in Table [H 

5. RESULTS 

We emphasize that the strength of this catalog is not 
solely in the number of eclipsing binary systems found. 
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Figure 5. i — band Fourier components A2 and A4 for our 
periodic sample. Typical uncertainties on A2 and A4 in the 
Fourier fits are ~ 0.02 — 0.03 magnitudes, as estimated by the 
non-linear minimizer MINUIT. The three patches correspond to 
the contact (EC), semi— detached ( ESD), and detached (ED) 
boundaries as defined by IPoimansk ii (2002). For those systems 
that lie outside these regions, classification occurs using the dashed 
li ne of demarcatio n between contact (EC*) and detached (ED*) 
of lRucinskil ifTOOTD . 

but that through color and spectral-typing they have 
been verified to contain low-mass stellar components. 
We examine in detail subsets of our data below, for those 
systems whose classifications agree in the g, r, and i- 
band data. 

5.1. ED M dwarf Systems 

Table [5] contains 59 systems whose colors are consis- 
tent with being M dwarfs, inconsistent with having a 
white dwarf companion, and whose lightcurves shapes 
in g, r, and i are consistent with the detache d classifi- 
cation {ED or i?D*) of IPoimanskii (|2002) and IRucinskil 
(|T99l . This increases by a factor of several the num- 
ber of published detached candidate systems (however 
see also lShaw fc L6pez-Morale^l2007f ). Such systems are 
needed to examine the mass-radius relationships of low- 
mass stars (Section [1]). 

Only 11 stars in this subsample have orbital periods 
greater than 1 day, with the maximum period being 2.76 
days for J003841. 29-^010756.0. There are only 2 data 
points in eclipse for this system, and we have classified 
this as having a C-quality lightcurve. There is however 
coherent out-of-eclipse variability that leads us to in- 
clude this system in our sample. Since all our M dwarf 
ED systems have short orbital periods, they are likely 
being spun-up through orbital coupling, and their radii 
influenced by the enhanced magnetic field. This sam- 
ple also contains 7 systems classifi ed as M4-M5, which 
are expecte d to be fully conv ective ([Burrows "eFaLllTggl 
IMullan fc MacDo nald 200l . Their mass-radius rela- 
tionship is expected to be less affected by convection- 
related orbital coupling effects, but may still be affe cted 
by enhanced spot coverage (e.g. [Morales et aI|[20lof ). 

5.2. EC M dwarf Systems 

Twenty-eight of the M dwarf lightcurves have shapes 
that suggest they are in contact configurations {EC or 
EC*, as defined in Section |4?2|) . This is a surprising 



Figure 6. Cumulative distribution of orbital periods derived 
for the subset of our systems that have the colors of M dwarfs, 
no evidence for white dwarfs in either their u — g colors or in 
spectra (if available), and whose lightcurve shapes in the g, r, 
and i passbands are in concordance about being in contact (red, 
solid line) or detached {blue, dashed line) configuratio ns, using 
the c lassification schemes of IPoiman ski (200^) and IRucinskil 
II1997I ). Our contact systems show a significant pile— up between 
-0.65 < log(P) < -0.58 (0.22 and 0.26 days). We con trast this 
with t he distribution of contact binary periods derived by IRu cinskil 
1120071 ') based on All Sky Automated Survey (ASAS) data {black, 
dashed line). These represent earlier-type stars, and are typ- 
ically found at longer periods than our M dwarf-classified sample. 



outcome given the lack of such systems in the literature. 
The shortest p eriod eclipsing M dwarf syst em verified so 
far, BW3 V38 (jMaceroni fc Rucinski|[T997l) with a period 
of 0.1984 days, is shown to be highly distorted but not 
in contact. Thus we caution that while our lightcurve 
shapes may yield a EC /EC* classification, our systems 
may not be physically in contact, and will require fur- 
ther study for any definitive statements. However, the 
short periods of these systems are consistent with their 
sinusoidal lightcurves, both of which indicate a compact 
binary configuration. 

Our period distribution for EC /EC* systems demon- 
strates a steep cutoff near 0.22 days (log P = -0.65), a fea- 
ture seen in period distributions of earlier-type contact 
systems (e.g. iPaczvhski et al.ll2006[ ). There is however 
one notable difference: the vast majority of our binaries 
(24 / 28) are accumulated near this period cutoff, with 
an RMS of 0.02 days. These 24 candidates all have A 
or B-graded lightcurves, as described in Section |3l In 
addition, 22 of them are brighter than r = 19, where our 
efficiency analysis in Section 13.21 shows that the median 
mis-fit in period at amplitudes larger than A = 0.016 
mag (a condition matched by all objects) is less than 
10~^ days, meaning the presence of this peak is estab- 
lished at high significance. 

Thus, our sample of periods has a far smaller variance 
than is seen in the AFGK spectral-type contact binary 
population ()Rucinskill2006[ ) . and densely populates the 
short period end of the distribution. We display in Fig- 
ure[6]the distribution of periods for our contact {red, solid 
line) and detached systems ( blue, dashed line) . It is clear 
that the majority of contact systems are found at shorter 
periods than the detached sample. We also show the 
contact binary period distribution derived by iRucinskl 
((2007|) using all-sky bright -star data (ASAS contact bi- 
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nary sample; black, dashed line), which spans the ap- 
proximate spectral types from A-K. Compared to the 
earlier-type, bright-star periods, our systems are found 
a t much shorte r periods on average. 

IStepienI (2006) has proposed a lower limit on the total 
mass of current-day contact systems of ~ ^Mq, based 
upon the 0.22-day cutoff seen in previous survey data. 
Contact systems with less total mass than this are not 
expected to be seen, since their evolutionary timescales 
to Roche lobe overflow are longer than the age of the 
Universe. Our observed accumulation of M dwarf pe- 
riods near this cutoff supports evolutionary processes 
where angular momentum loss becomes less efficient at 
shorter orbital periods, which then suppresses the evo- 
lution to even shorter period systems. Interestingly, two 
£'C/i?C*-classified systems have periods less than 0.2 
days, SDSS J200011. 19+003806. 5 (0.1455201 days) and 
SDSS J001641.03-000925.2 (0.1985615 days). Of these 
two, SDSS J001641.03-000925.2 has the higher quality 
lightcurve and a detailed study of this system is forth- 
coming (Davenport et al., in preparation). 

We have matched each of these 24 objects with the 
nearest simulated lightcurve from our efficiency analy- 
sis in magnitude, period, and amplitude and find that 
most of the objects were expected to be detected at 
high (> 90%) efficiency, with the exceptions of SDSS 
J035856.16-I-004010.2 (66%), and SDSS J202617.44- 
003738.6, J202247.66-002902.4, and J231823.93-004415.2 
(77%). Using the efficiency per object to weight the sam- 
ple, we find 0.087 EC-type M-dwarf binaries per square 
degree over the nominal magnitude range 14 < r < 21.5. 

5.3. ED M dwarf/White Dwarf Systems 

Forty-two systems have blue colors (in u — g) consis- 
tent with having a white dwarf component, and red colors 
(in r — z and i — z) consistent with having an M-dwarf 
component. Eleven of these are classified as being de- 
tached type ED /ED*. Most of these _EiD-classified sys- 
tems have longer periods (0.4 — 0.9 days) than expected 
for curr ent cataclysmic va riable (CV) systems (e.g. Fig- 
ure 9 of lHowell et al.l[2001h . The consistency between the 
lightcurve shapes (suggesting detached systems) and the 
periods (suggesting pre-CV and thus pre-contact con- 
figurations) lends support to our interpretation of the 
systems. 

Wide (detached) CV-progenitor systems should cur- 
rently have low mass accretion rates, with heating 
(if any) of the accretor occurring through light par- 
ticle winds a s opp osed to streaming accretion (e.g. 
iSzkodv et all |2003[) . Multi-wavelength follow-up of 
these systems shoul d be able to resolv e the nature of 
any active accretion (jSzkodv et al.ll2008f l. 

5.4. EC M dwarf/White Dwarf Systems 

Ten systems have colors and shapes consistent with 
being a contact (type EC /EC*) M dwarf / white dwarf 
binary. Thes e appear to be eclipsing CV systems (e.g. 
iHowell et al.l [19971 and references therein). All but 
two of the 10 EC systems (J233538.33-002927.3 and 
J234309.23-005717.1) have periods less than 0.26 days, 
well w ithin the pe riod range expected for early CV sys- 
tems (|Kolblll993D . The shortest of these, J013851.54- 
001621.6 (Becker et al., in preparation), has a period of 



0.072765 days, below the "period gap" expected from 
CV evolution models (|Howell et al.ll200ll ) and where the 
majori ty population of th e current CVs are thought to 
reside (jHowell et al.l 119971 ). The EC lightcurves are too 
sparsely sampled to allow us to constrain the properties 
of any accretion-related effects such as hot spots. How- 
ever, the average lightcurve color-variations in u — g for 
these £'C-classified systems (< A{u — g) >= 0.09 mags) 
is larger than in the EC systems that have no indications 
of white dwarf companions (< A{u — g) >= 0.03 mags). 

5.5. Systems With No Evidence of M dwarfs 

Four of the systems pass our white-dwarf selection cri- 
teria, but do not pass our M dwarf selection criteria. 
Of the four, SD SS J212531 . 92-010 745.8 has previously 
been studied by iNagel et al.l ()2006f) who concluded that 
it has a pre-degenerate hot (PC 1159-type GW Vir) 
primary and faint M dwarf secondary being irradiated 
by the primary. Their derived orbital period is exactly 
0.5 times ours, indicating that our requirement of folded 
lightcurve shapes with two minima has led to an alias 
in our period estimate. We note that the lightcurve of 
SDSS J025403.75-f005854.2 is extremely similar, and is 
a promising candidate for another PC 1159-type system. 

6. DISCUSSION AND CONCLUSIONS 

We have described a data-mining effort to extract pe- 
riodic stellar variability from the SDSS Stripe 82 dataset. 
The power of this catalog lies in multi-color, time- 
domain photometry that enables characterization of the 
components and systems, as well as precise period esti- 
mates. To emphasize the immediate utility of these data, 
we have focused here on periodic variability of low-mass 
stars. We detect 161 eclipsing systems whose light is 
dominated by a red, M dwarf component, 42 systems 
composed of an M dwarf white dwarf pair, and four sys- 
tems whose light is dominated by a white dwarf member 
with no evidence of an M dwarf companion. We have 
additionally used the shape of the lightcurves to clas- 
sify the geometrical nature of the binary (contact, semi- 
detached, detached) usi ng the c lassifi cation schemes of 
iPojmanskil (,2002) and Rucinskil (|1997| ). 

Overall, the systems at the shorter periods have folded 
lightcurves that are classified as "contact", while the 
longer-period systems tend to have lightcurves classified 
as "detached" . We emphasize that the processes of de- 
termining the period, and of determining the geometric 
system configuration through Fourier decomposition of 
the folded lightcurve, are entirely independent stages in 
the analysis. While the classification of any given sys- 
tem may be uncertain, requiring additional photometric 
and spectroscopic follow-up, our independent classifica- 
tion processes generally give good agreement. 

We have run an efficiency analysis to estimate our re- 
covery of variable star periods over a range of magni- 
tudes, periods, and amplitudes. This process was only 
undertaken for sinusoidally-shaped lightcurves, meaning 
it is not strictly appropriate for the detached sample. 
Even for this subset of shapes, the required processing 
time was substantial, and required a compute cluster to 
undertake in a reasonable amount of time. We gener- 
ated 243000 fake lightcurve, each of which took of order 
10 minutes to process through Supersmoother searching 
all possible periods longer than 0.007 days. This amounts 
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to 4.6 CPU-years of processing time for this trivial shape 
set. To additionahy explore the recovery efficiencies for 
the detached sample, with a range of eclipse frequencies, 
depths, and durations, would amount to an enormous 
computational undertaking. 

The initial aim of our investigation was to provide ad- 
ditional systems to study the mass-radius relationship of 
M dwarf systems in binaries. However, the majority of 
our detached systems are in the "typical" short-period 
configuration of published eclipsing M dwarf systems, 
and are thus not likely to resolve the origin of the mass- 
radius discrepancy, since this requires a longer lever- 
arm in orbital period than our catalog provides. The 
optimal set of data to address the source of the mass- 
radius discrepancy should include both short period and 
long-period systems, to study the degree to which or- 
bital spin-up affects convection and/or star spots and 
thus the stellar radius. The study of mass-radius rela- 
tions at the transition from partially to fully convective 
stars (around M3-M4) may help to shed light on the role 
convection plays in this process. Our catalog provides 7 
systems classified as M4~M5, which should also be useful 
in this regard. 

The most unexpected component of the catalog is the 
number of classical "contact" (EW-type) lightcurves. 
M dwarf systems physically in contact are not expected 
since the predicted tim e to R oche lobe overflow is longer 
than the Hubble time (jStepi en 2006) . The period distri- 
bution of these systems does suggest that they are follow- 
ing the same dynamical pathway as earlier spectral type 
contact systems, having the steep cutoff at 0.22 days that 
is seen in other surveys. However, the variance of the pe- 
riod distribution in low-mass binaries is far smaller than 
seen for earlier spectral type stars. This "pile up" at 0.22 
days suggests that period evolution is becoming far less 
efficient as the orbital period decreases. Study of these 
extreme, highly coupled, systems will help constrain the 
degree to which orbital spin-up affects the stellar radius 
at the shortest periods. If such effects are larger in sys- 
tems with shorter periods, it will impact stellar evolution 
and mass-loss models that predict the timescale to Roche 
lobe overflow. Using our efficiency analysis, we estimate 
a density of 0.087 such systems per square degree, over 
the brightness range 14 < r < 21.5. 

Our M dwarf / white dwarf sample includes both close 
and wide eclipsing CV-type systems, which should probe 
a range of mass transfer rates and the resulting heating 
of the white dwarf component. We also detect one known 
PG 1159-type system, with a second (new) system show- 
ing similar-type variability. 

Substantial amounts of observing follow-up, both pho- 
tometric (to more tightly constrain the periods and shape 
of the lightcurves) and spectroscopic (to constrain radial 
velocities and to more thoroughly understand the stellar 
atmospheres), are needed to fully realize the potential 
of this catalog. We approximate the total amount of 
spectroscopic follow-up time needed to map radial ve- 
locity (RV) curves for all 207 systems, using the Magel- 
lan EchcUette (MagE) spectrograph as our benchmark 
instrument. Integrating for 1500 seconds with MagE 
{R = 5000) yields a signal-to-noise of approximately 
50 at r = 19, sufficient for ^ 5 km/s uncertainties 
per radial velocity point. If we require 5 RV measure- 
ments per system, strategically placed near the times 



of quadrature, this integrates to 1.5 x 10® seconds, or 
nearly 54 8-hour nights of follow-up. This requirement 
highlights the interplay between the enormous discovery 
space enabled by wide-field surveys, and the commensu- 
rate demands on spectroscopic follow-up resources. We 
encourage the community to study these systems, and 
note that the many-orders-of-magnitude larger catalogs 
expected in the near fut ure from time-dom ain surveys 
such as Pan-STARRS (iKaiser et al.] [20021) and LSST 
(|LSST Science Bookll200 9^ wiU evenfurther tax our lim- 
ited abilities for spectroscopic follow-up. 
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Table 1 Summary of the 207 periodic variables in SDSS Stripe 82. We list 

the mean i — band mag nitude and mean colo rs of the system, de-reddened 
using the prescription of lSchlegel et all {1993). We provide our derived period 
for the system, defined such that the folded lightcurve has two maxima and 
minima. We also provide a quality estimate of the folded lightcurve, 
described in Section |3] 



Name 



" - 9 9 



Period (days) Quality 



SDSS J195954.01-002031.4 
SDSS J200011.19-f003806.5 
SDSS J200022.52-t-010142.2 
SDSS J200126.50-010932.7 
SDSS J200215.36-f001131.4 
SDSS J200237.30-f000335.4 
SDSS J200352.35-I-003621.5 
SDSS J200432.38-I-001041.3 
SDSS J200526.79-003355.3 
SDSS J200537.23-004700.7 
SDSS J200733.65-003802.4 
SDSS J200939.56-f004111.2 
SDSS J201031. 94-010752.5 
SDSS J201210.97-001437.5 
SDSS J201316.07-I-004530.8 
SDSS J201359.32-003536.5 
SDSS J201532.52-f010620.9 
SDSS J201629.55-005837.7 
SDSS J201920.65-010418.5 
SDSS J202005.83-000153.6 
SDSS J202054.31-I-011515.0 
SDSS J202149.34-I-002125.3 
SDSS J202247.66-002902.4 
SDSS J202401. 30-1-000910.2 
SDSS J202428.40-f004009.2 
SDSS J202443.23-000729.2 
SDSS J202445.58-I-001743.7 
SDSS J202449.56-000729.3 
SDSS J202510.30-I-004747.7 
Continued on Next Page. . . 



18.01 


2.04 


1.11 


0.53 


0.26 


0.1975559 


A 


17.28 


1.79 


1.31 


1.37 


0.72 


0.1455201 


B 


18.40 


1.88 


0.99 


0.46 


0.27 


0.2250255 


B 


17.71 


1.79 


0.89 


0.40 


0.18 


0.2841651 


B 


15.69 


2.12 


0.93 


0.38 


0.24 


6.0435586 


B 


17.62 


2.13 


1.24 


0.66 


0.37 


0.9902033 


B 


17.70 


2.13 


1.18 


0.58 


0.33 


2.4448330 


B 


19.34 


1.18 


0.96 


0.39 


0.20 


0.2590820 


B 


18.93 


1.64 


1.41 


1.10 


0.59 


0.5333477 


B 


18.92 


0.95 


1.06 


0.73 


0.44 


0.3035355 


B 


20.29 


1.20 


1.45 


1.15 


0.61 


0.2866160 


B 


16.38 


2.37 


1.08 


0.43 


0.22 


0.2423517 


A 


16.21 


2.28 


1.16 


0.52 


0.27 


0.2682265 


B 


18.71 


1.92 


0.87 


0.42 


0.21 


0.2937543 


C 


17.59 


2.22 


1.24 


0.68 


0.41 


1.0106292 


C 


19.20 


1.32 


0.94 


0.40 


0.20 


0.2330079 


B 


17.28 


1.96 


1.36 


1.45 


0.72 


3.3104552 


C 


17.88 


1.95 


1.06 


0.43 


0.24 


0.2198742 


A 


17.28 


2.09 


0.93 


0.45 


0.27 


0.3779489 


C 


19.07 


1.64 


1.03 


0.43 


0.26 


0.2279430 


B 


19.25 


1.61 


1.28 


0.93 


0.48 


0.2585596 


B 


18.75 


1.84 


1.02 


0.44 


0.24 


0.2365252 


B 


18.55 


1.96 


1.08 


0.50 


0.31 


0.2352012 


B 


14.90 


2.15 


1.05 


0.41 


0.20 


0.2545827 


A 


17.42 


1.87 


1.24 


0.82 


0.41 


1.2406823 


C 


18.51 


1.82 


1.15 


0.63 


0.42 


1.2556512 


C 


17.92 


1.80 


0.99 


0.42 


0.23 


0.3062025 


A 


16.12 


2.06 


0.95 


0.39 


0.24 


0.8550228 


B 


19.66 


1.42 


1.12 


0.49 


0.27 


0.2355685 


B 
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Name 


1 




u — g 


g 


— r 


r 


— i 


i - 


- z 


Period (days) 


Quali 


SDSS 


J202518, 


,82-010200.4 


16, 


,68 


2.14 





.96 





.42 


0, 


,29 


7 


1900371 


B 


SDSS 


.1202617, 


,44-003738.6 


18, 


,56 


1.87 


1 


.36 





.79 


0, 


,46 


0, 


,2257140 


B 


SDSS 


,1202651, 


,76-003452.6 


17, 


,86 


2.03 


1 


.01 





.40 


0, 


,20 


0, 


,2190038 


A 


SDSS 


J202928, 


30-01 1 327 8 


18, 


,82 


1.55 





.94 





.33 


0, 


,18 


0, 


,2622347 


B 


SDSS 


720S240 


64-01 1 527 6 


19, 


,80 


1.71 


1 


.20 





.67 


0, 


,40 





,2854194 


B 


SDSS 




,24-000523.1 


17, 


,78 


2.15 


1 


.32 





.62 





,34 





3628127 


A 


SDSS 


1203400 


,96-000222.4 


16, 


,71 


2.29 


1 


.06 


0, 


.42 


0, 


.24 


0, 


8461972 


C 


SDSS 


J203421, 


,16+011013.2 


19, 


,22 


1.79 





.99 





.48 


0, 


.26 


0, 


.6169044 


B 


SDSS 


J203454, 


,94+002959.4 


16, 


,65 


2.04 


1 


.25 





.63 


0, 


.34 


0, 


.2883654 


B 


SDSS 


7203513 


10-005239 2 


18, 


,95 


1.68 


1 


.03 





.51 


0, 


.31 


0, 


.4541513 


C 


SDSS 


J203521, 


96-011413 5 


18, 


,64 


1.88 


1 


.09 





.46 





.26 





.2225604 


A 


SDSS 


T20'^528 


10-1-001908 1 


20, 


,27 


0.84 





,68 


1 


.34 


0, 


,76 


0, 


3697745 


C 


SDSS 


7203940 


39+001 326 7 

• f-j^j 1 yjyj -Lf-j ^yj . i 


16, 


,27 


2.08 


1 


,24 





.62 


0, 


,36 





2376598 


B 


SDSS 


72041 38 


754-000835 4 

• 1 \j 1 yj yj yj yj 'J 'J ■ a 


19, 


,67 


1.32 


1 


.11 





.64 


0, 


,41 


0, 


9376321 


B 


SDSS 


J204218, 


,17-005222.2 


20, 


,37 


1.55 


1 


.30 


1 


.37 


0, 


,74 


0, 


,4097680 


B 


SDSS 


J204308, 


,35-001153.3 


17, 


,06 


2.38 


1 


.11 





.51 





,28 


0, 


,2344230 


A 


SDSS 


J204323, 


,64+000355.0 


19, 


,74 


1.59 





.99 





.48 





,30 





,6359970 


C 


SDSS 


J204409, 


,16-010355.6 


18, 


,93 


2.08 


1 


.22 





.52 


0, 


,29 


0, 


,2050373 


B 


SDSS 


J204427, 


,38+000608.9 


20, 


,30 


0.94 


1 


.30 





.73 


0, 


,40 


0, 


,7156987 


C 


SDSS 


J204928, 


66-000945 3 


18, 


,58 


1.92 


0, 


.95 


0, 


.48 


0, 


.29 


0, 


731 3443 

> f yj A- ijrt'rrij 


B 


SDSS 


J204959, 


,44-005341.4 


19, 


,07 


1.84 


1 


.24 





.65 


0, 


.39 


1, 


.0175109 


C 


SDSS 


J205129, 


fil-l-0106,56 4 


19, 


,13 


1.73 


1 


.36 





.61 


0, 


.34 


0, 


4845315 


B 


SDSS 


720 "^321 




16, 


,78 


0.74 





.89 


1 


.04 


0, 


.60 





1 789707 

> X f Of? 1 \J 1 


A 


SDSS 


7205322 


1 6-00491 8 9 


19, 


,29 


1.75 


1 


.30 


1 


.06 





.58 





8545925 


C 


SDSS 


,7205329, 


,31-001234.3 


17, 


,71 


2.41 


1 


.18 





.63 


0, 


.41 


2 


.6139056 


C 


SDSS 


,7205435, 


,12+003300.9 


18, 


,53 


2.05 


1 


.34 


1 


.17 


0, 


.64 


0, 


.3399066 


C 


SDSS 


7205438 

'J ^ vy rt i_J H 


,11-005241.9 


19, 


,06 


2.31 


1 


.15 





.49 


0, 


.28 





,2321992 


C 


SDSS 


720551 1 


92-002309 3 


20, 


,03 


1.51 


1 


.43 


1 


.31 


0, 


.69 





2819485 


B 


SDSS 


,7205632, 


59-005627 1 


16, 


,71 


2.43 


1 


.35 





.93 


0, 


,49 


1 


2392850 

, ^yS>yJ\J 


C 


SDSS 


,7205703, 


28+000945 9 

• ^ yj 1 yjyjyj ij^'-J ' o 


18, 


,83 


1.83 


0, 


.93 





.47 


0, 


,28 


0, 


2987312 

t^ijsjt ?_*X^ 


C 


SDSS 


7205814 


56-010306 

• *-J\J yJ A.yJ'^yJ\J ,yj 


17, 


,92 


2.39 


1 


.34 





.77 


0, 


,44 


3 


5761 782 


C 


SDSS 


J205826, 


,23-003202.4 


18, 


,12 


2.19 


1 


.29 





.53 


0, 


,29 





,9907401 


C 


SDSS 


J205836, 


,60-001949.6 


17, 


,49 


2.22 


1 


.27 


0, 


.72 


0, 


.41 


0, 


.2129114 


C 


SDSS 


J210023, 


,58-004204.1 


16, 


,89 


2.43 


1 


.16 





.51 


0, 


.30 


0, 


.7742631 


C 


SDSS 


J210302, 


,06+001218.3 


20, 


,53 


0.79 


1 


.33 





.66 


0, 


.42 





.5113666 


C 


SDSS 


7210343 


«H+no0303 2 


16, 


,44 


1.66 


1 


.26 


1 


.01 


0, 


.58 


0, 


2051351 


c 


SDSS 


J210454, 


18-004653 5 


18, 


,31 


2.22 


1 


.39 


1 


.04 


0, 


.57 





9508488 

i ^yJ\Jyj^yJ\J 


B 


SDSS 


7210,5,58 


0,5-002420 9 


18, 


,63 


1.92 


1 


.18 





.61 


0, 


.38 


0, 


5108677 


B 


SDSS 


7210616 


41-003934 5 


15, 


,47 


2.40 


1 


.15 





.47 





.26 





.2237032 


A 


SDSS 


7210637 


4'?-i-n01249 8 


20, 


,24 


1.03 


1 


.19 


0, 


.61 





.38 





.2284199 


A 


SDSS 


121 0726 


81-003231 1 


16, 


,86 


2.41 


1 


.24 





.63 


0, 


.39 





2540927 


A 


SDSS 


J210750, 


,98-000011.8 


15, 


,79 


2.33 


1 


.27 





.72 


0, 


,41 


0, 


,4890171 


B 


SDSS 


J210803, 


,61+001817.0 


17, 


,80 


2.30 


1 


.22 





.58 


0, 


,32 





,1799428 


B 


SDSS 


7210959 


44+000054 9 

, I yjyjyjyj '.J 


18, 


,16 


2.13 


1 


.19 





.60 





,38 





7262478 


C 


SDSS 


J211314, 


,48+000916.0 


15, 


,14 


2.27 


1 


.06 





.51 





,31 





,9566921 


C 


SDSS 


J211343, 


,89+004544.3 


18, 


,50 


1.90 


1 


.31 





.99 


0, 


,53 





,5042300 


c 


SDSS 


J211428, 


41-010357 2 


18, 


,26 


0.00 


0, 


.08 


0, 


.61 


0, 


.51 


0, 


,8211951 


c 


SDSS 


J211447, 


,03-002902.1 


19, 


,38 


1.87 


1 


.27 


0, 


.81 


0, 


.47 


0, 


.2354735 


c 


SDSS 


J211529, 


,11-001859.6 


19, 


,86 


1.57 


1 


.44 


1 


.32 


0, 


.72 





.6589625 


c 


SDSS 


J211552, 


,58+010820.5 


20, 


,39 


0.72 


1 


.32 


1 


.33 


0, 


.70 





.4595826 


c 


SDSS 


J211710, 


,61-003141.2 


17, 


,51 


2.46 


1 


.45 





.89 


0, 


.49 


0, 


.0723023 


c 


SDSS 


721 1 735 


06+000744 4 


17, 


,50 


2.32 


1 


.41 





.94 





.52 





1 381 1 98 

> A-ijyj A. X C/yJ 


c 


SDSS 


J211752, 


59-001203 3 

, ' J c yjyj J- ^yjr.j * f-j 


19, 


,02 


1.92 


1 


.04 





.55 


0, 


,34 


0, 


3087562 


c 


SDSS 


J212203, 


13-010053 3 


17, 


,41 


2.46 


1 


.30 





.73 


0, 


,45 





7910802 

• 1 C A-yjyjyj^ 


B 


SDSS 


,7212257, 


,90-003639.9 


19, 


,33 


1.99 


1 


.42 





.93 


0, 


,54 


0, 


,2226377 


B 


SDSS 


,7212317, 


32+001452 8 

. t.j ^ 1 yjyj A-^i-J ^ . yJ 


19, 


,85 


1.56 


1 


.43 


1 


.09 


0, 


,59 


0, 


8694058 

. yjyj C/^yjyJyJ> 


C 


SDSS 


,7212323, 


18+001239 8 

' -Lyj 1 yjyJ -L^rjcf -yj 


18, 


,91 


2.00 


1 


.12 





.64 


0, 


,44 


4, 


1407657 

• A-^yj t \JyJ 1 


B 


SDSS 


,7212101 


,80+002456.9 


18, 


,70 


2.02 


1 


.37 





.82 


0, 


,46 





,8317383 


B 


SDSS 


J212404, 


,88-000103.6 


19, 


,29 


2.20 


1 


.42 


1 


.65 


0, 


,92 


1 


,6968390 


B 


SDSS 


J212459, 


,14+005441.1 


19, 


,60 


1.16 


1 


.40 


1 


.51 


0, 


,80 


2 


,1732331 


B 


SDSS 


J212531, 


92-010745 8 


17, 


,59 


-0.45 


-0.23 


-0.07 


-0.09 


0, 


5796356 

tyj 1 CfyJiJyjyj 


A 


SDSS 


J212723. 


,59-005210.8 


17, 


,00 


2.26 


1, 


.44 


1, 


.56 


0, 


.85 


0, 


.7943670 


B 


SDSS 


J212806. 


,16-001458.9 


19, 


,22 


1.80 


1, 


.37 


1, 


.27 


0, 


.72 


0, 


.4491180 


C 


SDSS 


J212834, 


«i+n04127 6 


17, 


,94 


1.93 


1, 


.45 


1, 


.55 


0, 


.85 


0, 


7699017 

1 1 \j C/ C/ yj X 1 


B 


SDSS 


J212923, 


,44+005652.6 


14, 


,53 


2.40 


1, 


.23 





.57 





.32 





.9478636 


B 


SDSS 


J213102, 


,62+003132.6 


18, 


,96 


1.79 





.97 





.48 


0, 


,31 


0, 


,6537385 


C 


SDSS 


J213113, 


,99-005125.4 


18, 


,63 


2.14 


1 


.20 





.54 


0, 


,33 


0, 


,3490403 


B 


dUoo 


J213217, 


,11-004923.2 


ID, 


, / U 


OAT 


1 


.24 





.65 


0, 


,39 


0, 


,3178997 


rS 


SDSS 


J21.3604, 


,35+010304.2 


19, 


,14 


1.80 


1 


.45 





.63 


0, 


,36 


0, 


,1421261 


B 


SDSS 


J21.3651, 


,60+010245.5 


19, 


,26 


1.92 


1 


.13 





.56 


0, 


,39 


1, 


,3008586 


B 


SDSS 


J21.3801, 


,17+001240.6 


19, 


,64 


1.59 


1 


.42 


1 


.06 


0, 


,59 


0, 


,8985627 


B 


SDSS 


J214043, 


,65-010713.0 


18, 


,73 


-0.19 


1 


.46 


1 


.64 


0, 


,89 


2, 


,7627724 


B 


SDSS 


J214049, 


,37+010814.0 


17, 


,69 


2.31 


1 


.16 





.55 


0, 


,31 


0, 


,6428419 


B 


SDSS 


J214109, 


,00+011114.4 


19, 


,41 


1.79 


1, 


.02 


0, 


.54 


0, 


.35 


0, 


.3958882 


C 


SDSS 


J214426. 


,03+004517.0 


17, 


,09 


2.32 


1, 


.19 





.54 


0, 


.29 


0, 


.2345329 


A 


SDSS 


J214439. 


,75+011215.7 


18, 


,54 


2.03 


1, 


.00 





.52 


0, 


.33 


0, 


.3094293 


B 
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Name 


7 




u 


- 9 


g 


— r 


r 


— i 


i — z 


Period (days) 


Quali 


SDSS 


1214559 


50+005714 2 


16, 


,43 


2 


.23 


1 


.12 


0, 


,48 


0,26 


0, 


3949126 


B 


SDSS 


J214617, 


,64+004536,1 


20, 


,13 


1 


.31 


1 


.41 


0, 


,91 


0.50 


0, 


,5050460 


B 


SDSS 


J214758, 


,26-001130.6 


18, 


,49 


2 


.21 


1 


.23 


0, 


,64 


0.41 


0, 


,4132894 


B 


SDSS 


J214824, 


41+005847 1 


16, 


,81 


2 


.28 


1 


.26 


0, 


,79 


0.44 


0, 


808021 1 


C 


SDSS 


121 51 '^6 


74-001400 6 


17, 


,90 


2 


.23 


1 


.30 


0, 


,57 


0.32 


0, 


2349285 


B 


SDSS 


J215248, 


,73-011012.1 


18, 


,98 


1 


.51 


1 


.48 


1, 


,53 


0.82 


1 


3631094 


C 


SDSS 


J215258, 


38-005309 3 


19, 


,24 


1 


.72 


1 


.20 


0, 


,56 


0.32 


0, 


,2328584 


B 


SDSS 


J215802. 


.85+002643.3 


18. 


.59 


2 


.09 


1 


.27 


0. 


.68 


0.39 


0, 


,6656878 


C 


SDSS 


J215811. 


,08+002246.9 


15. 


.15 


2, 


.14 


1 


.02 


0. 


.48 


0.28 





,4949717 


C 


SDSS 


7215034 


5(1+00.5652 7 


19. 


.36 


1 


.71 





.93 


0. 


.47 


0.30 





6059072 


B 


SDSS 


J222234, 


,92-001655.0 


19. 


,42 


1 


.66 


1 


.46 


1. 


.39 


0.74 


4, 


,2820836 


B 


SDSS 


J222348, 


,84-005332.6 


18, 


,33 


2 


.18 


1 


.06 


0, 


,54 


0.33 


0, 


,2880042 


B 


SDSS 


1223019 


,23-001155,1 


17, 


,67 


2 


.34 


1 


.32 


0, 


,67 


0.39 





3691831 


B 


SDSS 


,1224718, 


,54+001741,0 


17, 


,17 


2 


.27 


1 


.43 


0, 


,83 


0.46 


0, 


,2697419 


B 


SDSS 


,1224836, 


,22+005707,6 


17, 


,82 


2 


.18 


1 


.38 


1, 


,11 


0.61 


2 


.4625131 


B 


SDSS 


,1230032, 


,79-002318.0 


20, 


.04 


1 


.32 


1 


.37 


0, 


.93 


0.53 


0, 


,2866570 


B 


SDSS 


J230037. 


,41+003159,7 


19, 


,20 


1 


.88 


1 


.49 


1, 


,03 


0.56 





,3844287 


C 


SDSS 


J230039, 


,13+004952,7 


18, 


,79 


1 


.63 


1 


.37 


1, 


,40 


0.80 


0, 


.7852108 


C 


SDSS 


J230134, 


,00-001912.0 


15, 


,99 


2 


.37 


1 


.14 


0, 


,49 


0.29 


0, 


.5526236 


B 


SDSS 


J230257, 


39_l_005011.4 


19. 


,64 


1 


.69 


1 


.38 


0. 


,81 


0.48 


0, 


.3594605 


C 


SDSS 


J230524. 


.26+004746.8 


18. 


.42 


2 


.17 


1 


.26 


0. 


.64 


0.36 


0, 


.6843911 


C 


SDSS 


1230608 


.92+001142.3 


18. 


.65 


2, 


.09 


1 


.26 


0. 


.70 


0.43 


2, 


1694002 


C 


SDSS 


123071 3 


29-01 1 437 1 


20. 


.24 





.02 





.32 


0. 


.00 


0.16 





6659821 


C 


SDSS 


1230139 


SK-l-ni (141 7 


16, 


,40 


2 


.23 


1 


.38 


1, 


.04 


0.58 


1 


5547550 


B 


SDSS 


1231 437 


,24-011212.8 


15, 


,31 


2 


.41 


1 


.19 


0, 


,59 


0.36 


1 


2260650 


B 


SDSS 


J231611, 


,41+005151,1 


17, 


,01 


2 


.17 


1 


.41 


1, 


,44 


0.77 


0, 


.9049369 


B 


SDSS 


J231823. 


,9,3-004415.2 


19, 


,15 


1 


.98 


1 


.29 


0, 


,74 


0.42 





2175166 


B 


SDSS 


1231901 


29+000319 2 


17, 


,84 


2 


.32 


1 


.24 


0, 


,62 


0.40 





3300759 


C 


SDSS 


1232055 


10+002745 3 


16, 


,90 


1 


.86 


1 


.39 


1, 


,19 


0.66 





2353853 


B 


SDSS 


J232122, 


,34-001928.7 


18, 


,14 


2 


.24 


1 


.16 


0, 


,50 


0.28 





.5190213 


B 


SDSS 


J232326, 


66+000309 9 


18, 


,96 


2 


.02 


1 


.25 


0, 


,64 


0.39 


0, 


5951 980 


B 


SDSS 


J232641, 


, 19-1-004744.1 


15, 


,62 


2 


.13 





.97 


0, 


,50 


0.33 


0, 


.7668645 


B 


SDSS 


J233408, 


.77+002704.4 


19. 


,12 


1 


.96 


1 


.42 


0. 


,84 


0.47 


0, 


.2355482 


B 


SDSS 


J233538. 


.33-002927.3 


19. 


.07 


1 


.25 


1 


.52 


1. 


.81 


1.04 


0, 


.9763013 


B 


SDSS 


J234309. 


.23-005717.1 


20. 


.17 


1 


.58 


1 


.40 


1. 


.35 


0.76 


1, 


.1236505 


B 


SDSS 


J234541. 


.84+002621.1 


19. 


.07 


1 


.67 


1 


.48 


0. 


.68 


0.39 


0, 


3930952 


B 


SDSS 


1234809 


83-003156 4 


17. 


.16 


2 


.48 


1 


.36 


0. 


.68 


0.40 





4207058 


B 


SDSS 


1235320 


34+001614 1 


18. 


.28 


2 


.03 


1 


.44 


1. 


.42 


0.78 


0, 


9562803 

* ^ yj\J ^\J\Jkj 


B 


SDSS 


1235540 


00-000343 


18. 


.59 


2, 


.15 


1 


.34 


0. 


.95 


0.53 





4870803 


B 


SDSS 


1000308 


RQ-i-n00749 


18, 


,55 


2 


.25 


1 


.44 


1, 


,33 


0.72 


2 


2890031 


B 


SDSS 


1000436 


67+01 0537 6 

. yj 1 \^yj i-yj'j'-j 1 .yj 


19, 


,53 


1 


.36 


1 


.34 


1, 


,33 


0.74 





9291 1 90 


B 


SDSS 


,1000753, 


,50+001759,7 


17, 


,63 


2 


.31 


1 


.40 


1, 


,01 


0.58 





.4243976 


A 


SDSS 


,1000906, 


,42-000753.1 


19, 


,12 


1 


.96 


1 


.47 


0, 


,89 


0.49 





.7608881 


B 


SDSS 


,1001641 


,03-000925,2 


16, 


,36 


2 


.55 


1 


.33 


0, 


,64 


0.34 


0, 


1985615 


B 


SDSS 


,1002836 


,99-001,")14,9 


15, 


,11 


2 


.41 


1 


.20 


0, 


,59 


0.35 


0, 


,2579071 


A 


SDSS 


J003023, 


,53+001432,7 


17, 


,39 


2 


.25 


1 


.41 


1, 


,34 


0.72 


1 


.3186429 


C 


SDSS 


1003034 


05+00391 6 9 


17. 


,70 


2, 


.06 


0, 


.99 


0. 


,50 


0.30 





.3197141 


c 


SDSS 


J003042, 


.11+003420.1 


19. 


,10 


1 


.95 


1 


.50 


1. 


.14 


0.63 





.3718388 


B 


SDSS 


J003316. 


.30-001752.2 


16. 


.56 


2 


.44 


1 


.44 


1. 


.30 


0.70 


1, 


.1820390 


B 


SDSS 


J003322. 


.03-005552.6 


17. 


.60 


2 


.45 


1 


.37 


0. 


.79 


0.45 





.8624634 


B 


SDSS 


J003628. 


.06-003124.8 


19. 


.22 





.03 





.02 


0. 


.66 


0.60 


0, 


.4096298 


B 


SDSS 


1003841 


29+01 07,56 


17. 


.49 


2, 


.33 


1 


.31 


0. 


.79 


0.49 


2, 


7614820 


C 


SDSS 


J005506, 


,78-005702.4 


16, 


,22 


2 


.29 


1 


.39 


1, 


,33 


0.75 


0, 


,2524701 


B 


SDSS 


1005705 


1 7+000704 7 

• X 1 1 yjyjyj i yj^. i 


19, 


,06 


1 


.81 


1 


.37 


1, 


,40 


0.76 





88581 73 


C 


SDSS 


1005841 


71 +01 1 337 8 


18, 


,40 


2 


.22 


1 


.38 


0, 


,71 


0.40 





6555093 


B 


SDSS 


J012119, 


10-001949 9 


15, 


,50 


2 


.49 


1 


.22 


0, 


,51 


0.27 


0, 


.2072812 


A 


SDSS 


1013125 


,14-011100.1 


18, 


,51 


2 


.25 


1 


.50 


1, 


,29 


0.70 


0, 


6207617 


B 


SDSS 


J013155, 


,94-004224.7 


16, 


,34 


2 


.70 


1 


.55 


1, 


,83 


1.02 


0, 


.3511764 


C 


SDSS 


J013851, 


,54-001621.6 


17, 


,43 


1 


.71 


1 


.41 


1, 


,77 


1.00 


0, 


.0727650 


B 


SDSS 


J015940, 


,00+010328.4 


20, 


,04 


1 


.48 


1 


.43 


0, 


,67 


0.41 


0, 


.3377942 


B 


SDSS 


1020448 


.41+011052.2 


15. 


,77 


2 


.21 


1 


.35 


0. 


,78 


0.43 


0, 


3188949 


B 


SDSS 


J021121. 


.56-003808.3 


17. 


.79 


2 


.39 


1 


.32 


0. 


.71 


0.43 


0, 


.6236612 


B 


SDSS 


J022548. 


,47-1-004907.1 


17. 


.18 


2, 


.24 


1 


.11 


0. 


.50 


0.30 


1, 


.5676510 


B 


SDSS 


1023614 


.59-002814.4 


19. 


.13 


1 


.86 


1 


.46 


1. 


.33 


0.74 


0, 


8038365 


C 


SDSS 


1023857 


17-000428 9 


18. 


.69 


2 


.27 


1, 


.36 


0, 


.99 


0.53 





2804496 


C 


SDSS 


J024013, 


,79-003759.7 


18, 


,68 


2 


.20 


1 


.21 


0, 


,65 


0.41 


0, 


,3457496 


C 


SDSS 


J024053, 


,10+005944.9 


18, 


,66 


2 


.25 


1 


.24 


0, 


,56 


0.32 


0, 


.4839048 


B 




J024319, 


,19-010218.1 


1 Q 

16, 


. / U 


2 


.08 


1 


.45 


1, 


,51 


U.o4 


3, 


.8409523 


r> 


SDSS 


J024446, 


,51+003653.2 


18, 


,25 


2 


.15 


1 


.05 


0, 


,51 


0.33 


0, 


.2968753 


B 


SDSS 


J024835, 


,93+010520.2 


18, 


,73 


2 


.00 


1 


.42 


1, 


,31 


0.72 


0, 


.8475098 


C 


SDSS 


J024843, 


,68-010055.3 


18, 


,23 


2 


.31 


1 


.32 


0, 


,63 


0.36 


1, 


.1436785 


C 


SDSS 


J025331, 


,12-000226.0 


19, 


,34 


1 


.86 


1 


.32 


0, 


,89 


0.48 


1, 


.1706181 


C 


SDSS 


J025403, 


,75+005854.2 


17, 


,42 


-0.54 


-0.61 


-0.42 


-0.37 


2, 


.1744163 


A 


SDSS 


J025828, 


.09+004758.7 


17, 


,99 


2.15 


1.43 


0.89 


0.50 


0, 


.4856080 


B 


SDSS 


J025953, 


.33-004400.2 


19. 


.29 


0.73 


1.18 


1.05 


0.71 


0, 


.1441834 


B 


SDSS 


J030304, 


.48+004809.4 


16. 


.99 


2.30 


1.25 


0.64 


0.41 


0, 


.4412123 


C 



Continued on Next Page. . . 



TABLE 1 - Continued 





Name 


r 


u — g 


g — r 


r — i 


i — z 


Period (days) 


Quality 


SDSS 


J U3U4U2. 15+004551. 4 


16, 


.66 


1.51 


1.43 


2.03 


1.13 


2.5850529 


B 


SDSS 


J030834. 42+005835. 2 


19, 


.47 


1.91 


1.12 


0.47 


0.27 


0.2708025 


B 


SDSS 


J030856. 55-005450. 7 


17, 


,42 


1.56 


1.20 


1.24 


0.69 


0.1859601 


A 


SDSS 


J031151. 73-000123. 6 


18, 


,90 


2.02 


1.32 


1.19 


0.66 


1.1066820 


C 


SDSS 


J 031442. 23+001030. 3 


17, 


,89 


1.79 


1.26 


0.61 


0.34 


0.2365776 


B 


SDSS 


J031708. 46-005846.1 


17, 


,49 


2.41 


1.39 


0.72 


0.41 


1.0233606 


B 


SDSS 


J031820. 88-003131.0 


17, 


,25 


2.38 


1.42 


0.98 


0.57 


0.6381190 


C 


SDSS 


J031858. 28+002325.6 


18, 


,65 


-0.55 


-0.60 


-0.41 


-0.34 


7.0480973 


B 


SDSS 


J032048. 68+003234.0 


16, 


,19 


2.05 


1.01 


0.48 


0.28 


1.4682549 


C 


SDSS 


J032325. 85+010634.9 


15, 


,57 


2.27 


1.33 


0.64 


0.36 


0.3297024 


B 


SDSS 


J032413. 10+000441 .7 


18, 


,72 


1.89 


1.24 


0.56 


0.30 


0.3066937 


B 


SDSS 


J032515. 05-010239. 7 


18, 


,43 


2.18 


1.46 


1.00 


0.56 


0.3945195 


C 


SDSS 


J032949. 17-001240.8 


19, 


,77 


1.38 


1.36 


0.58 


0.36 


0.3919553 


B 


SDSS 


J033031. 37-000137.5 


15, 


,35 


2.33 


1.33 


1.42 


0.75 


1.6782523 


C 


SDSS 


J033513. 80+004252. 8 


18, 


,82 


0.63 


0.92 


0.67 


0.40 


0.5473870 


B 


SDSS 


J 033606. 30+004959. 4 


16, 


,98 


2.32 


1.23 


0.58 


0.37 


0.3383779 


C 


SDSS 


J034302. 81+010935. 6 


14, 


,49 


2.00 


0.94 


0.39 


0.21 


0.6119363 


B 


SDSS 


J034748.36+002604.6 


18, 


,21 


1.78 


1.44 


0.87 


0.45 


1.0726766 


B 


SDSS 


J035003.61+000311.4 


18, 


,51 


1.51 


1.25 


0.91 


0.53 


0.2407845 


B 


SDSS 


J035300.50+004835.9 


19, 


,30 


1.30 


1.30 


1.13 


0.60 


0.1605031 


B 


SDSS 


J035325.66+000220.3 


15, 


,01 


2.09 


1.06 


0.53 


0.27 


0.8541573 


C 


SDSS 


J035856. 16+004010.2 


18, 


,06 


1.42 


0.75 


0.30 


0.12 


0.2246616 


B 


SDSS 


J040034.93-003816.2 


14, 


,07 


2.00 


0.88 


0.33 


0.15 


0.2561826 


A 


SDSS 


J040054. 13+005743.8 


19, 


,32 


0.75 


0.62 


0.27 


0.08 


0.2147133 


C 


SDSS 


J040104.52-004409.8 


13, 


,89 


1.93 


0.84 


0.39 


0.17 


0.7604045 


C 


SDSS 


J040111.09-002959.1 


18, 


,46 


1.37 


1.03 


0.41 


0.22 


0.3500603 


C 



Table 2 System classifications for all 207 of our periodic objects. Mean 
colors are used to estimate a Color— based classification using the M— dwarf 
color— spectral type relationships of[Kowalski et al. (2009). Systems with 
u — g < 1.8 also likely contain a white dwarf (WD). Twenty-nine of the 
systems have spectra available from SDSS, and are used to make a Spectral 
classification using the software of [Cove v c t al. (2007). Finally, we use the 
folded lightcurve shape-based methods of poimanski (2002) and RucinskJ 
(ll~997i) to constrain the geometry of the system using the g, r, and i— band 
data. This Binary Class may be eclipsing (EC, EC), semi— detached 
(ESD), or detached (ED, ED*). We have highest confidence in the 
classification of those systems where Binary ClasSg = Binary Class^ = 
Binary Classy, which represent the subset of systems used in the analysis of 

Section [5] 



Name 


Color Class Spectral Class 


Binary ClasSp 


Binary Classr 


Binary ClasSj 


SDSS J195954.01-002031.4 


Ml 


EC* 


EC* 


ESD 


SDSS J200011. 19+003806.5 


M4 


EC* 


EC* 


EC* 


SDSS J200022. 52+010142.2 


MO 


EC 


ESD 


EC 


SDSS J200126. 50-010932. 7 


MO 


EC 


ESD 


ESD 


SDSS J200215. 36+001131.4 


MO 


ESD 


ESD 


ESD 


SDSS J200237.30+000335.4 


Ml 


EC 


EC 


EC 


SDSS J200352. 35+003621. 5 


M3 


EC/ESD 
EC* 


EC 


ESD 


SDSS J200432. 38+001041. 3 


MO+WD 


EC* 


EC* 


SDSS J200526. 79-003355. 3 


M3 


EC 


ED 


ED* 


SDSS J200537. 23-004700. 7 


Ml+WD 


EC* 


ESD 


ESD 


SDSS J200733. 65-003802. 4 


M3+WD 


ED 


ESD/ED 


ED 


SDSS J200939. 56+004111. 2 


MO 


EC* 


EC 


EC 


SDSS J201031. 94-010752. 5 


Ml 


EC 


EC 


EC 


SDSS J201210.97-001437.5 


MO 


EC 


EC 


ESD 


SDSS J201316. 07+004530.8 


M2 


ESD 


ESD 


ESD 


SDSS J201359. 32-003536. 5 


MO+WD 


EC* 


EC 


EC 


SDSS J201532. 52+010620.9 


M4 


EC 


EC 


EC 


SDSS J201629. 55-005837.7 


MO 


EC 


EC* 


EC 


SDSS J201920.65-010418.5 


MO 


ED* 


ED 


ED 


SDSS J202005.83-000153.6 


MO 


EC 


EC 


ESD 


SDSS J202054.31+011515.0 


M2 


ESD 


ED 


ED 


SDSS J202149. 34+002125.3 


MO 


EC 


EC* 


EC 


SDSS J202247.66-002902.4 


MO 


EC 


EC 


EC 


SDSS J202401. 30+000910.2 


MO 


EC* 


ED* 


EC* 


SDSS J202428. 40+004009.2 


M2 


ESD 


ESD 


ESD 


SDSS J202443. 23-000729. 2 


Ml 


EC 


EC/ESD 


EC/ESD 


SDSS J202445. 58+001743.7 


MO 


ESD 


ESD 


ESD 


SDSS J202449. 56-000729. 3 


MO 


ED 


ED* 


ED 


SDSS J202510.30+004747.7 


Ml+WD 


EC* 


EC 


EC 


SDSS J202518. 82-010200.4 


MO 


EC 


EC* 


EC 


SDSS J202617.44-003738.6 


M2 


EC 


EC 


EC 


SDSS J202651. 76-003452. 6 


MO 


EC* 


EC* 


EC* 


SDSS J202928. 30-011327.8 


MO 


EC 


EC 


EC 


SDSS J203240.64-011527.6 


Ml 


EC 


ESD 


ESD 


SDSS J203314.24-000523.1 


M2 


ED 


ED 


ED 


SDSS J203400.96-000222.4 


MO 


EC 


EC/ESD 


EC 


SDSS J203421. 16+011013.2 


MO 


ED 


ED 


ED 


SDSS J203454.94+002959.4 


M2 


ESD 


EC/ESD 


ESD 


SDSS J203513. 10-005239. 2 


Ml 


ED* 


ED 


ED 


SDSS J203521.96-011413.5 


MO 


EC* 


EC* 


EC* 


SDSS J203528. 19+001908.1 


M4+WD 


EC* 


ED* 


ED* 


SDSS J203940.39+001326.7 


Ml 


EC* 


EC* 


EC* 


SDSS J204138. 75+000835.4 


Ml+WD 


ESD 


ESD 


ESD 


SDSS J204218. 17-005222. 2 


M4+WD 


ED 


ED* 


ED 


SDSS J204308.35-001153.3 


MO 


EC* 


EC* 


EC 


SDSS J204323. 64+000355.0 


MO+WD 


ED* 


ED* 


ED* 


SDSS J204409.16-010355.6 


MO 


EC 


EC 


EC 


SDSS J204427.38+000608.9 


M2+WD 


ESD 


ED 


ESD/ED 
ED* 


SDSS J204928. 66-000945. 3 


MO 


ED* 


ED* 


SDSS J204959.44-005341.4 


Ml 


ED* 


ED* 


ED* 


SDSS J205129.61+010656.4 


Ml 


ED 


ED 


ED 


SDSS J205321. 73+001536.4 


M3+WD 


EC/ESD 


EC 


EC 


SDSS J205322. 16-004918.9 


M3 


ED 


ED* 


ED* 


SDSS J205329. 31-001234.3 


M2 


ESD 


ESD 


EC* 


SDSS J205435. 12+003300.9 


M3 


ESD/ED 


ESD 


ESD 


SDSS J205438. 11-005241.9 


MO 


ESD 


EC 


EC 


SDSS J205511. 92-002309. 3 


M4+WD 


ESD/ED 


ED 


ED* 


SDSS J205632. 59-005627.1 


M2 


ESD/ED 


ESD 


ESD/ED 


SDSS J205703. 28+000945.9 


MO 


ESD 


ESD 


ESD 


SDSS J205814.56-010306.0 


M2 


ESD 


ESD 


EC/ESD 


SDSS J205826. 23-003202.4 


Ml 


ED* 


ED 


ED 


SDSS J205836.60-001949.6 


M2 


EC 


EC/ESD 
EC* 


EC/ESD 
EC* 


SDSS J210023. 58-004204.1 


MO 


EC* 


SDSS J210302. 06+001218.3 


Ml+WD 


ED* 


ED 


ED 
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TABLE 2 - Continued 



Name 


Color Class 


Spectral Class 


Binary ClasSg 


Binary ClasSr 


Binary ClasSj 




M2+ WD 




hjO 




— — 

ESD 


oUbb JZiU4o4.1o-UU4DOo.o 


M2 




■ErT\* 
HjiJ 


HjiJ 




ODOO JZiUOOo.UO-UUZ4ZU.y 


iVii 




ED 


IIjU 


iijiJ 


bJJbb JziUD±D.4i-UUoyo4.0 


IViU 








il(L/ 


cPiGQ T01 nfiQV /ID 1 nniO/io c 
bJJbb J ZiUDo ( .4v5+UUiZ4y.o 


l\/f1 1 "^S/T^ 

M1+ WD 




il(U 






bJJbb JziU ZD.oi-UUozoi.l 


T\ /T1 

Mi 








IL/O 


bUbb JzlU/oU.yo-UUUUil.o 


M2 






HjiJ 


tjU 


oUbb JzlUoUo.Dl+UUlolY.u 


Ml 








T7i/~i /T7'CT~\ 

l!jL'/x!jbD 


bUob JzlU9o9.44+0UUUo4.9 


M2 




ED 


ED 


ED 


bUbb J211cS14.48+UU094d.U 


Ml 




JibD/lljD 


ED 


ED 


BUbb J211,j4,J.89+0U4544.rf 


M3 




EbD / iiD 

EC* 


ESD 


T701-\ /T^T\ 

EbD/ED 


SDSS J211428.41-010357.2 


Ml+WD 


Ti 1 T T 71— \ 

M+WD 


EC 


1— /I— IOT~\ 

EC/ESD 


SDSS J211447.03-002902.1 


Ml 




ESD 


ESD 


T" >OT^ /Tm— \ 

EbD/ED 


SDSS J211529. 11-001859.6 


M4+WD 




ESD 


ED 


ED 


SDSS J211552. 58+010820. 5 


M4+WD 




ED* 


ED 


ED 


oJJbo Jzil i 10.0i-U0oi4i.Z 


1\ /TO 

M2 










SDbb J2117d5. 06+000744. 4 


M2 




ED 


ED* 


ED 


SDSS J211752. 59-001203. 3 


Ml 




ESD 


ESD 


ESD 


bJJbb JziZzUo.lo-UiUUoo.o 


Mi 










SDbb J 212257. 90-003639. 9 


M2 




ESD 


ED* 


ED* 


SDSS J212317. 32+001452. 8 


M3+WD 




ED* 


ED* 


ED* 


SDSS J212323. 18+001239. 8 


Ml 




EC 


EC 


ESD 


bUbb J2124U4.aU-|-UU24oD.9 


M2 




ED 


ED* 


ED 


bDbb J212404.88-000103.D 


M5 




EbD/ED 


EbD/ED 


ESD 


bDbb J212459.14-|-0U5441.1 


M4+WD 




EC 


EC 


ESD 


bDbb J212531. 92-010745. 8 


WD 


WD 


EC* 


EC* 


EC* 


bDbb J212723. 59-005210. 8 


M4 




ll/C/n/bD 


hjC/bbD 


EbD/ED 


bDbb JzIzoOd. 16-001458.9 


M4 




ED 


ED 


ED 


bUbb J ZiZoo4.oi+0041z / .D 


M4 




ESD 


ESD 


ESD 


bDbb Jzizyzo.44+00oooz.D 


Ml 




ED* 


ED* 


ED* 


bDbb J213102. 62+003132. 6 


MO 




ED 


lL;bD/lL;D 


ED 


bDbb JziJilo. 99-005125. 4 


MO 




ED 


ED 


ED 


bDbb JZiozi ( .li-U04yZo.Z 


Mi 






rL/bD 


EbD 


o T~\ OO TOMO/^n/i or* i n"inon.i o 

bDbb J213604. 35+010304. 2 


Ml 




ESD 


ED 


ED 


bDbb Jzl3D51.oO-i-010z45.5 


MO 




ED* 


ED* 


ED* 


dDod JziaoU4.i7H-UUlz4U.b 


Mo+ WD 






hjL) 


ED* 


bDbb J214U4d.DO-UlU71o.U 


A T r 1 TT 7T\ 

M5+WD 




EC* 


EC 


T7/~1 /T701-\ 

EC/EbD 


bJJbo Jzi4U4y.O /-|-UiUcSi4.U 


Mi 




HiiJ 


EjD 




GT^GG T01 A 1 no flA 111/1/1 


MU 




T?T\ 

niL) 


HjiJ 


SliU 


0T~\00 T^i a A o£; no 1 nn yi m T n 

bDbb J21442D.03+U04517.U 


Ml 










OTxoo A Ann 1 niioicr T 

bDbb J214439. 75+011215. 7 


MO 




ESD 


iL/bD/lL/D 


ESD 


bDbb J214559. 50+005714. 2 


MO 




ED 


ED 


ED 


o T\ o c T01 /I 1 "7 1^/1 1 nn/ifo/^ 1 

bDbb Jz14d17.d4+0045od.1 


TV /TO 1 TT^ 
M2+ WD 




ED 


ED 


ED 


CT\GG T01 /ivc^o Oft nni 1 Qfl ft 
bJJbb J Zi4 ( OO.ZD-UUlioU.D 


TV J'O 

M2 




iljbD 


iLibD 


HioiJ/ HiL) 
ED* 


bDbb J214824. 41+005847.1 


Ml 




ED 


ED 


o T~\ o o Toicrio/^ 'V/1 nm /inn 

bDbb Jzl51oD. 74-001400. o 


M2 




iLbD/h/D 


h/bD/h/D 


ED 


G'PiGG T01K0/1C '7Q HI 1 fll O 1 
bUbb JZloZ4o. /v5-UiiUiZ. i 


Mo+ WiJ 










bJJbb JZioZoo.oo-UUOv5Uy.o 


A/TI 
Mi 




iLO 






bDbb Jzl5o0z.55+00zo4J.^ 


Ml 




ED 


ED 


ED 


QT\CC T01 c;qi 1 no i nnoo/ift n 
bDbb Jzlooll.0o-)-00zz4b.y 


i\ /Tn 
MU 




r^bD 


hjU 


rjU 


GT^GG T01 KOQ/1 Kn_i_nnr;ftco 7 


MU+ WU 




sliL) 


HjU 




bDbb J2222cS4. 92-001000. 


M4+WD 




ESD 


ESD 


tjL'/tjbu 


OTAOO TOriOO /I O OA nnCTOOri £J 

bDbb J222348. 84-005332. D 


MO 




ESD 


ESD 


ESD 


bDbb J223019. 23-001155. 1 


Ml 




ED 


ESD 


hjbD/hjD 


SDSS J224718. 54+001741.0 


M2 




ESD 


EbD/ED 


EC/ESD 


SDSS J224836. 22+005707.6 


M3 




EC 


EC 


EC/ESD 


SDSS J230032. 79-002318.0 


M2+WD 




ESD 


ESD 


ED 


bJJbb J zoUUo ( .4i+UUoioy. / 


iViz 




T?T\ 
HiiJ 


iL/iJ 


HiU 


bDbb J 230039. 13+004952.7 


M4+WD 




ED 


hjbD/hjD 


ESD 


00 ToomO/i nn nn"in"in n 

bDbb J230134. 00-001912.0 


MO 




ED 


ED 


ED 


0"P\oo Toonocv on i nncrm 1 a 

bDbb J230257. 39+005011. 4 


TV /T 1 1 7T-\ 
Ml+WD 




ED 


ED 


ED 


bDbb Jz305z4. 26+004746. 8 


Ml 




ED* 


ED* 


ED* 


OF^QC ToonftHQ OO 1 nni 1 /10 o 
bDbb J2o0d0o. 92+001142.0 


Mi 






iLibD 




OTxoo Tnon'71 on m 1 ,io'7 1 

bDbb J2o071o.29-0114o7.1 


WD 






EC* 




1~\ 00 Toonnon 0/^ 1 n'lnji'v n 

bDbb J230939. 86+010417.0 


M2 




ED 


ED 


ED 


0T\0 tooijIo^OjI ni 10100 

bDbb J2314cs7.24-011212.8 


Ml 




ESD 


EC/EbD 


EC/EbD 


SDSS J231611.41-I-005151.1 


M4 




ESD 


ESD 


ESD/ED 


SDSS J231823.93-004415.2 


Ml 




EC 


EC 


EC 


SDSS J231901.29+000319.2 


Ml 




ESD 


ESD 


ESD 


SDSS J232055. 10+002745.3 


M3 




ESD 


EC 


EC 


SDSS J232122. 34-001928. 7 


MO 




ESD/ED 


ED 


ED 


SDSS J232326. 66+000309.9 


Ml 




ED 


ED 


ED 


SDSS J232641. 19+004744.1 


MO 




ESD 


ESD 


ESD 


SDSS J233408. 77+002704.4 


M2 




ESD 


ESD 


ESD 


SDSS J233538. 33-002927.3 


M5+WD 




EC 


EC 


EC* 


SDSS J234309.23-005717.1 


M4+WD 




EC* 


EC* 


EC* 
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TABLE 2 - Continued 



Name 


Color Class 


Spectral Class 


Binary Class^ 


Binary ClasSr 


Binary Classj 


bDbs J2d4541. 84+002621.1 


JVll+WD 


Ml 


ED 


ED 


ED 


SDSS J234809. 83-003156. 4 


Ml 




ED 


ED 


EbD/ED 


oJJoo J ZoOv3zU.o4+UUiOi4. i 


M4 


A ,T A 

M4 


rLbD/ Cj\J 


17 /-I 


T7GT^ 
iL/bD 


bDbb J 235540.00-000343.0 


M2 




ED 


ED 


ED 


bubb JUUU3U8. 69+000749.0 


M4 






ESD 


ESD 


oJJoo JUUU4OD.0 ( +L;iUOv5 ( .D 


iVi4+ WJJ 


■ ■ ■ 




llioD 


ED 


bDbb JUUU7oo.5U+UU17oy.7 


M2 


M2 


ED 


ED 


ED 


oUoo JUUUyuo.4:Z-UUU/oo.i 


iVlZ 




ED 


ED 


SIiLJ 


bJJob JUUiD4i.Uo-UUUy^0.2 


iVLi 


MO 








nUbo JUU2o3o.99-U04514.9 


MO 






IIjO 




bUbb J003U23. 53-1-001432.7 


M4 


M4 


ED 


EbD/ED 


EbD/ED 


bDbb J003ud4.05-|-0039lD.9 


MO 


' ' ' 


ESD 


ESD 


h/bD/h/D 


bDbb J003042. 11-^-003420.1 


M3 


M4 


ESD 


ED 


ED 


SDSS J003316. 30-001752. 2 


M4 


M4 


EbD/ED 


ESD 


T~^OT^ /THT^ 

EbD/ED 
ED* 


SDSS ,1003322.03-005552.6 


Ml 


Ml 


ED* 


ED* 


SDSS J003628. 06-003124. 8 


TV T -1 1 T T 7T~\ 

Ml+WD 


M+WD 


EbD/ED 
ED* 


EC/ESD 
ED* 


EC/EbD 


SDSS J003841. 29+010756.0 


Ml 


Ml 


ED* 


SDSS J005506. 78-005702. 4 


M4 


M4 


ESD 


ED 


ED 


SDSS J005705. 17+000704.7 


M4 




ED 


ED 


ED 


SDSS J005841. 71+011337.8 


Ml 




ED 


ED 


ED* 


SDSS J012119. 10-001949.9 


MO 


MO 


EC* 


EC* 


EC 


dDdo J01o12o.14-01110U.1 


M4 




ED* 


ED* 


ED* 


oUob JUioioo.y4-UU4zz4.7 


iVLO 






JzjJJ 




bUbb J013oo1.o4-001d21.d 


M5+WD 


M5 


EC 


EC 


EC 


bDbb J015940.00-|-01032o.4 


MO 




ED 


ED 


ED 


bDbb J020448.41+011052.2 


Ml 




ESD 


ESD 


ESD 


GT\GG Tnoiioi nnQQriQ q 


Ml 


' ■ ' 


rjD 


T?T\ 
HjU 


rjU 


bDbb J022548. 47+004907.1 


MO 


MO 


ED 


ED 


ED 


bDbb JU2od14.o9-u02o14.4 


M4 




ED* 


ED 


ED* 


CP\oo Tnooocr'7 i r\r\r\A<~to r\ 

bDbb J023857. 17-000428.9 


M2 




EbD/ED 




ED 


bDbb ,J024013. 79-003759. 7 


Ml 




EbD/ED 


iL/bD/lL/D 


EbD/ED 


SDSS ,1024053.10+005944.9 


MO 


MO 


ED 


EbD/ED 


ED 


SDSS J024319. 19-010218.1 


M4 




ESD 


ESD 


ESD 


SDSS J024446. 51+003653. 2 


MO 




ESD 


ESD 


ESD 


SDSS J024835. 93+010520. 2 


M4 




ED* 


ED* 


ED* 


SDSS J024843. 68-010055. 3 


Ml 




ED 


ED* 


ED* 


SDSS J025331. 12-000226.0 


M2 


M2 


ED 


ED* 


ED 


SDSS J025403. 75+005854.2 


WD 


WD 


EC* 


EC* 


EC* 


SDSS J025828. 09+004758. 7 


M2 




ED 


ED 


ED 


SDSS J025953. 33-004400. 2 


M3+WD 


M4 


EC* 


EC 


EC 


bJJob JUoUoU4.4o+UU4oUy.4 


A f "1 
IVil 


A T1 
Mi 


ED 


HjD 


ED 


bDbb J030402. 15+004551. 4 


M6+WD 


M7 


EC* 


EC 


ESD 


bDbb J030834. 42+005835. 2 


MO 




ESD 


ESD 


ESD 


SDSS ,1030856.55-005450.7 


M4+WD 


M4 


EC 


EC 


EC 


bDbb ,J031151. 73-000123. 6 


M3 


M4 


ED* 


ED* 


ED* 


SDSS J031442. 23+001030. 3 


Ml 




EC 


EC 


EC 


bDbb JUo17Uo.4d-U05o4d.1 


Ml 




ED 


ED* 


ED* 


GT^GG TOQ1 COO QQ OOQ1 Q1 O 

bJJob JUoio^U.oo-UUoioi.U 


iVlz 










bDbb J031858. 28+002325. D 


WD 


WD 


T^f~^ /T7Cn— V 

EC/EbD 
ED* 


T7/~1 /T7Cn— V 

EC/EbD 


T^/~1 /T7Cn— V 

EC/EbD 
ED* 


bDbb J032048. 68+003234.0 


MO 




ED 


bDbb J0o2o25.85+010d34.9 


M2 




ESD 


ED 


ED 


bDbb JUo24io.iU+UUU44i.7 


Ml 




ESD 


ESD 


ESD 


bDbb J032515.05-010239.7 


M2 


M3 


ED 


ED 


ED 


bDbb J032949. 17-001240. 8 


Ml+WD 


MO 


ED 


ED 


ED* 


bDbb J033031. 37-000137. 5 


M4 




EC/EbD 


ESD 


ESD 


SDSS J033513. 80+004252. 8 


M2+WD 


TV T -1 1 T T 71— \ 

Ml+WD 


T~M"\ /TnOTA 

EC/EbD 


T~^ /T~^*nT^ 

EC/EbD 


Tn /TnOT^ 

EC/EbD 


SDSS J033606. 30+004959. 4 


Ml 




ESD 


ESD 


ESD 


bDbb J034302. 81+010935. 6 


MO 




ED 


ED 


ED 


SDSS J034748. 36+002604.6 


M2 




ED* 


ED* 


ED 


SDSS J035003. 61+000311. 4 


M3 




EC 


EC 


EC/ESD 


SDSS J035300. 50+004835.9 


M4+WD 




EC 


EC 


EC 


SDSS J035325. 66+000220.3 


M3 




ED 


ED 


ED* 


SDSS J035856.16+004010.2 


M4 




EC 


EC 


EC 


SDSS J040034.93-003816.2 


M4 




EC 


EC 


EC 


SDSS J040054.13+005743.8 


M3+WD 




EC 


ESD 


ED* 


SDSS J040104.52-004409.8 


M4 




ESD/ED 
ED* 


ESD 


ESD 


SDSS J040111.09-002959.1 


M4 




ED 


ED 
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Table 3 

Comparison of periodic objects found in SDSS Stripe 82 bv lBhatti et al.l 1120101 ). We have run our pipeline on all 32 objects found in their 
catalog, 11 of which pass our color cuts. We fail to find a significant period for 5 of the objects, and disagree with their period on 4 of 
them (see Figure [TJ. We list the period ratios between the two studies; integer ratios represent period aliases, which we consider 

concordance between the studies. 



Name Period o f ^hatti_et_al^ (2010) Period (days) Period ratio 

Objects passing our color cuts 



SDSS 


J002851, 


.08+000751.0 


0.59098 






SDSS 


J003042, 


,11+003420.1 


0.45705 


0.3718388 


1:0.8 


SDSS 


J015429, 


.30+005326.7 


2.63902 






SDSS 


J015940, 


.00+010328.4 


0.33779 


0.3377942 


1:1.0 


SDSS 


J021121, 


.56-003808.3 


0.31210 


0.6236612 


1:2.0 


SDSS 


J025953, 


.33-004400.2 


0.14418 


0.1441834 


1:1.0 


SDSS 


J030834, 


,42+005835.2 


0.27080 


0.2708026 


1:1.0 


SDSS 


J031823, 


,88-010018.4 


0.40704 






SDSS 


J032515, 


,05-010239.7 


0.39451 


0.3945195 


1:1.0 


SDSS 


J032949, 


,17-001240.8 


0.39196 


0.3919552 


1:1.0 


SDSS 


J035300, 


.50+004835.9 


0.14855 


0.1605031 


1:1.1 








Objects not pfissing our color cuts 






SDSS 


J000845, 


,39-(_002744.2 


0.34419 


0.4157259 


1:1.2 


SDSS 


1002719 


16-1-002400 6 


1 31839 






SDSS 


101 1 1 55 

O yj -L -L -L \J . 


73-002633 


22758 


0.2276482 


1:1.0 


SDSS 


101 1 156 


,52-005221.4 


23002 


0.2300215 


1:1.0 


SDSS 


101 1 302 


57-1-004822 9 


31660 


1.2782116 


1:4.0 


SDSS 


J011405, 


.02+001138.5 


0.28550 


0.2855018 


1:1.0 


SDSS 


J013536, 


.05-011058.7 


0.39226 


0.3922680 


1:1.0 


SDSS 


J020540, 


.08-002227.6 


0.79789 


0.7978849 


1:1.0 


SDSS 


J020816, 


.51+003510.0 


1.61420 


1.6142439 


1:1.0 


SDSS 


J021624, 


,34-001817.7 


0.63678 


0.6367674 


1:1.0 


SDSS 


J022733, 


,94+002615.2 


0.70626 


0.7062323 


1:1.0 


SDSS 


J022858, 


,99-004120.4 


0.64725 






SDSS 


J023621, 


,96+011359.1 


0.35666 


0.3025580 


1:0.8 


SDSS 


J024109, 


.55+004813.6 


0.27645 


0.2764460 


1:1.0 


SDSS 


J024255, 


.78-001551.5 


3.19764 


3.1974704 


1:1.0 


SDSS 


J030753, 


,52+005013.0 


0.35353 


0.3535264 


1:1.0 


SDSS 


J031002, 


,47-000916.2 


2.19058 


2.1906948 


1:1.0 


SDSS 


J031021, 


,22+001453.9 


0.26684 


0.2668447 


1:1.0 


SDSS 


J034256, 


,26-000058.0 


0.32034 


0.3203364 


1:1.0 


SDSS 


J034757, 


,70-001423.5 


0.27509 


0.2750874 


1:1.0 


SDSS 


J035138, 


,50-003924.5 


0.19892 


0.1989188 


1:1.0 



